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PREFACE 


INTRODUCTION 


IrJt 


^Vl'he  purposr  of  this  Exi’Cil  i lion  wan  twofolillj^  l‘'lrrl.  of  all,  i I wn:  to 
me.-ipuro  t.ogetiier  in  one  area  of  hif'h  fog  incidence  a sufficient  data  i>ase 
that  would  be  suitable  to  test  various  existing  boundary  layer  fog  models 
by  providing  both  input  conditions  necessary  for  the  model  as  well  as 
actual  measurements  of  what  the  model  predicts.  Secondly,  the  cruise 
enabled  multidisciplined  measurements  on  other  parameters  of  the  boundary 
layer  which  may  bear  an  important  role  in  the  physics  of  marine  fog  formation 
and  dissipation.  T *'<.  pro-.  , < ^ s. 

Consequently  the  group  of  25  scientists  (listed  on  naee  6l0)were 
invited  to  participate  in  this  .loint  research  endeavor  aboard  the  USNS 
Hayes  during  the  summer  cf  1975,  In  addition  an  instrumented  aircraft 
flown  by  Ralph  Marknon  made  soundings  and  observations  off  of  the  coast 
of  Nova  Scotia  while  the  USNS  Hayes  was  in  the  general  area.  Each  scientist 
or  small  group  of  scientists  initiated  and  carried  out  his  or  her  individual 
research  projects.  The  interpretation  of  these  projects  are  to  be  reported 
individually  elsewhere.  This  report  is,  however,  an  effort>to  combine  the 
papers  describing  the  reduced  data  of  all  of  the  investigators  into  one 
common  place  so  that  the  unique  multidiscipline  approach  will  not  be  lost. 
Certain  papers,  however,  treat  such  unusual  subjects  that  these  authors  have 
written  brief  texts  to  accompany  their  data  describing  the  significance  of 
these  parameters.  In  an  effort  to  reduce  the  overall  length  of  this  report 
some  papers  were  shortened  at  the  editors  discretion. 

The  cruise  (figure  i)  was  divided  into  three  legs.  ' The  first  leg  ‘ 
left  Norfolk,  Virginia,,  on  th°  29th  of  July,'1975.'‘  and  docked  in  Halifax, 

N,  S,,  on  12  August.  Most  of  the  fog  events  occurred  during  the  complicated 
maneuvers’ during  th^  first'' leg,  which  are  shown  in  figure  2 and  elsewhere 
in  this  report.  Many  of  the  investigators  disembarked  at  the  conclusion 
of  the  first  leg.  The  second  leg  figure  3,  covered  much  of  the  same 
waters  as  did  the  first  leg,  but  no  major  fog  events  were  encountered. 

A third  leg  left  Halifax,  N.  S.,  on  20  August  1975  and  crossed  the  Atlantic 
as  shown  in  fig^ife'^v  ^ The  majority  of  papers -in  this  report/ discuss  only 
their  findings  on  the  HrsL  leg  of  the  cruise, -.Several  authors,  however, 
discuss  their  findings  throughout  the  entire  cruise. 

An  effort  has  been  made  to  standardize  on  GMT  for  the  data  times 
presented  in  this  report.  The  reader  is  cautioned,  however,  that  this 
effort  was  not  too  successful  and  that  several  other  time  frames  are  used 
by  several  of  the  authors. 
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NAVIGATION 


Two  independent  methods  of  navigation  were  employed  on  this  cruise. 

The  ships  officers  provided  standard  ship  navigation  based  on  Loran  A, 
and  a meirginally  operative  radar  for  occasional  checks  with  shore  line 
landmarks.  An  experimented  automatic  navigation  system  based  on  reed 
time  computer  anedysis  of  Loran  C coordinates  was  designed  for  scientific 
use  on  this  cruise.  When  Loran  signals  are  strong,  both  methods  agree 
reasonably  well  at  points  of  the  Loran  A fixes  with  occasiona]  differences 
on  the  interpolation  points  between.  The  automatic  system  has  the 
advantage  of  providing  continuous  determinations  of  position  from  which 
ship  speed  and  the  course  made  good  can  be  calculated.  Differences  occurred 
when  either  the  Loran  A and/or  the  Loran  C signals  were  weak.  The  ship's 
navigation  system  was  dependent  on  the  experience  of  the  bridge  personnel 
and  reduced  to  a matter  of  dead  reckoning  when  Loran  A signals  became 
unusable.  Dead  reckoning  is  complicated  by  currents,  wind,  and  the 
frequent  small  course  changes  necessary  to  avoid  fishing  boats  in  this 
prime  fishing  area.  On  the  other  hand,  although  the  Loran  C has  a greater 
range  and  accioracy  than  the  Loran  A,  the  receiver  would  occasionally  lock 
onto  the  wrong  pulse,  (unknown  to  the  computer  or  the  overseeing  personnel). 
Most  of  these  Jumps  appear  as  obvious  discontinuities  when  the  data  is  plotted 
and  were  corrected  for  after  the  fact.  However,  in  very  weak  signal 
areas,  the  Loran  C system  was  unreliable. 

Thus  there  are  differing  opinions  as  to  the  true  ship's  position  for 
some  segments  of  the  cruise  track.  It  is  doubtfvil  if  these  differences  are 
very  meaningful  for  the  mesoscale  measurements  described  in  this  report, 
but  it  would  be  better  if  they  did  not  exist. 

Those  scientists  whose  primary  data  stations  were  in  the  vicinity  of  the 
ships  bridge  and  who  did  not  use  the  ship  computer  extensively  tended  to 
rely  primarily  on  the  ship's  navigation  data,  whereas,  those  scientists 
who  were  working  with  the  ship's  computer  tended  to  rely  primarily  on  the 
automatic  navigation  system. 


TRUE  WIND 


The  NRL  Marine  Fog  Cruise  was  the  first  operation  for  the  USNS  Hayes 
after  several  months  lay  up  at  Port  Canaveral,  Florida.  As  a result  of 
the  inactivity,  some  of  the  ship's  secondary  systems  were  inoperative  cr 
marginally  operative.  The  syiuhro  repeaters  which  supply  heading  information 
to  the  scientific  computer  became  inoperative  shortly  after  embarkation. 

The  calculation  of  the  true  wind  requires  inputs  of  ships  speed  and 
heading  as  well  as  the  relative  wind  and  direction.  As  heading  and  course 
made  good  can  differ  considerably  from  each  other  because  of  wind  and 
current  effects  on  the  ship  itself.  These  heading  data  thus  had  to  be 
manually  entered  into  the  computer.  During  the  first  leg  of  the  cruise 
(up  to  11  Aug  1975),  four  relative  wind  vector  instruments  were  located 
on  the  ship.  Three  at  mast  height  and  one  on  a ^ meter  tower  on  the  port 


bow.  The  two  ships  systems  anemometers  became  Inoperative  shortly  after 
embarkation,  leaving  the  burden  of  providing  relative  wind  information 
on  two  systems  operated  by  and  described  by  G.  Schacher,  and  J.  Russell 
in  this  report.  In  the  second  and  third  legs  of  the  cruise  the  relative 
wind  was  meas\ired  by  a GILL  Bi  Vane  anemometer. 

True  wind  calculations  depend  on  the  simultaneously  correct  values  of 
four  variable  input  parameters.  The  failure  of  any  one  component  causes 
the  resiilt  to  be  unaccurate.  There  are  a number  of  self  checks  on  the 
data  that  can  be  used  to  check  for  self  consistency.  An  example  being 
that  if  the  RPM  of  ship  propellers  is  175 » then  from  experience  we  know 
that  the  true  speed  of  the  ship  must  be  12  knots  +_  2 knots.  A value  outside 
of  the  error  bar  is  suspect. 

Thus  computation  of  true  wind  involves  several  variables,  each  of 
which  is  subject  to  possible  errors.  The  reliability  of  the  true  wind  as 
computed  by  the  shipboard  computer  increases  with  increasing  wind,  decreasing 
difference  between  course  and  heading,  and  constancy  of  ship  speed  and 
heading.  The  ship  heading  can  be  established  within  a degree,  but  the  ship 
velocity  is  dependent  upon  wind  and  currents  which  can  add  or  subtract 
a few  knots,  and  can  be  accurately  established  only  if  the  precise  aui.omatic 
navigation  system  discussed  above  was  working  properly.  The  ship  is  a 
barrier  to  air  motion,  the  speed  and  direction  of  the  wind  will  be 
distorted  while  in  the  vicinity  of  this  barrier,  and  the  measurements  w:l'. 
be  in  error  with  the  extent  and  nature  of  the  error  being  somewhat 
dependent  upon  the  direction  and  velocity  of  the  wind  with  respect  to  the 
ship  and  the  location  of  the  instruments.  The  most  difficult  computat ions 
are  for  calm  periods  when  the  true  wind  is  the  small  difference  betweei; 
two  large  vectors  (ship  velocity  and  relative  wind  velocity).  With  all  of 
these  dire  warnings,  it  is  rewarding  to  note  that  when  true  wind  is  compared 
with  a well  defined  surface  wind  from  weather  maps,  the  agreement  is  good. 

The  true  wind  is  within  a few  knots  and  a few  tens  of  degrees,  in  comparison 
with  weather  map  data,  and  does  not  change  the  magnitude  or  directions  when 
the  ship  changes  course.  At  times  the  two  measurements  at  the  mast  and  the 
bow  of  the  ship  were  different  by  up  to  ‘*0°.  Sometimes  this  could  be 
attributed  to  real  changes  with  altitude  (as  confirmed  by  the  kite  balloon 
position  and  heading  compared  to  the  ship)  while  at  other  times  it  was 
probably  a consequence  of  the  air  paths  around  the  ship.  For  example,  if 
the  ship  was  moving  in  a following  wind  of  similar  speed,  the  relative 
wind  measurements  wo\ild  often  show  large  differences. 

In  the  tables  that  follow  the  true  wind  is  listed  under  the  columns 
labeled  WD  for  wind  direction  and  WS  for  wind  speed.  When  one  of  the  four 
systems  necessary  to  calculate  this  vector  failed,  the  results  are  listed 
as  dollar  signs.  The  mast  anemometer  was  always  used  when  possible.  If 
it  were  out  of  order  for  some  reason  but  the  bow  anemometer  was  operational, 
1ln  ii  the  t rue  wind  vector  was  calculated  from  i,hese  data  and  rinr.od  in 
Mil-  printout,  witii  an  *.  The  wind  speed  is  listed  as.  knots.  TIh'  t iiiie 
|■olnmn  is  in  the  GMT’  I’rame.  Noi'mally,  the  clear  all'  data  in  1 isl.ed  ov<>ry 
iK’ur.  If  the  computer  detected  several  10  minute  samplings  of  visibility 
being  less  than  '’000  meters,  it  would  conclude  that  this  was  a fog  event 
and  give  the  listing  of  the  various  meteorological  parameters  every  10 
minutes. 


The  data  tables  also  contain  measured  values  of  dry  air  temperature, 
dewpoint  temperature,  sea  surface  temperature,  as  well  as  visibility. 
Similar  measurements  appear  elsewhere  in  this  report.  These  data  are 
taken  independently  by  different  techniques  and  considerable  variation 
between  sets  of  r.imilar  data  are  observed  from  time  to  t imi?.  There  are 
pliysi cal  reasons  for  tills  divergence.  !'>oiiie  of  these  renr.ons  are  dependent, 
on  t.he  location  of  the  sensor,  (i.e.,  different  altitudes  above  the  sea 
surface)  others  on  more  basic  differences  between  tlie  measurement  technique 
An  example  of  this  are  the  sea  surface  temperature  measurements.  Insitu 
probes  of  sea  surface  temperature  (described  in  the  report  by  both  Mack 
et.  al,  and  Schacher)  are  both  generally  higher  than  the  simultaneously 
measured  sea  surface  temperature  using  the  infrared  data  described  here. 

The  visibility  Instrument  used  for  these  data  is  the  MRI  Model  I58O. 
These  data  are  subject  to  a truncation  error,  Fitzgerald,  (1976).  The  air 
temperature  and  dewpoint  are  measured  by  a Cambridge  System  Model  110  S 
and  the  sea  surface  temperature  by  a Barnes  PR  T-5  infrared  thermometer. 

The  three  temperatures  are  in  centigrade.  The  air  temperature  is  listed 
in  the  column  labeled  AIR,  the  dewpoint  in  the  column  labeled  DP,  and 
the  sea  surface  temperature  labeled  SST.  The  visibility  is  labeled  VSBY 
and  has  units  of  meters.  The  dollar  signs  in  this  column  mean  that  the 
visibility  is  greater  than  9999  meters. 


5 


Figure  2.  Plot  of  Track  of  the  U.S.N.S.  Hayes  During  the  NRL  Marine  Fog  Cruise  in  August  1975 
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'0 

3 9 . 4 

4739 

17.  1 

15.  7 

18.  1 

S-- 

1 

6 

0 

38  11.6 

4567 

16.6 

1 5 . 3 

11.4 

G:.-- 

1 

r 

0 

49^11.4 

6 037 

.16.7 

15.8 

18.  0 

y." 

1 

8 

0 

69  9.  0 

1 7 . 0 

1 -3 . 7 

18.7 

{“! 

1 

9 

0 

1 0 0 6 . 1 

17.  1 

18.  0 

11.7 

y.-' 

1 

1 0 

Cl 

76  4 . 8 

16.4 

11.9 

1 1 . 0 

y.-- 

1 

1 1 

0 

79  1 0.  0 

•BiJS 

14.8 

10.7 

9.5 

3 

1 

18 

0 

87  13.5 

14.  1 

9 . 6 

7.  6 

3-' 

1 

15 

Cl 

mm 

13.1 

1 0 . 0 

t*  ■ 

y.'- 

1 

14 

0 

89  7.5 

mm 

13.4 

10.7 

7.4 

3.-- 

1 

15 

0 

107  18. 3 

mm 

13.7 

11.6 

8.  1 

y 

1 

16 

IJ 

130  11.7 

•m-m. 

1 O • l'' 

11.4 

7.  5 

8 

1 

IP 

0 

137  11.1 

mm 

1 3 . 6 

11.8 

8.  7 

5-- 

1 

IS 

0 

839  18.3 

13. 

1 1 . 8 

10.4 

8.-- 

1 

’is 

fl 

197  10. 3 

18.3 

•imt. 

8 . 9 

8 •••■ 

1 

80 

0 

198  13.8 

13.3 

11.0 

9 . 3 

c» 

1 

81 

IJ 

880  11.7 

9330 

13.5 

18.0 

7.8 

8.-' 

1 

“•  3 

L.  L- 

0 

358  18.0 

mm. 

14.5 

1 c’  • r 

1 0 . 6 

8 •■  ■■ 

1 

3 -3 

L. 

0 

818  8.5 

mm 

14.  5 

18.5 

1 0.  9 

S'’’ 

8 

0 

Ij 

8 1 8 18.8 

mm 

13.9 

18.  8 

10.  1 

S’” 

3 

L. 

1 

Ij 

848  9.4 

14.  0 

18.1 

1 U . 7 

♦ 

DRTR  ^HKEr^  FROM  F:Om 
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H H I ' E S F □ b C P’  U I S E 
JULY  - PIUG'JiT 


F'HGE 


3-- 


TIME 

UID 

iJS 

V3EV 

HIR 

DP 

S ST 

8 

0 

358 

11.7 

tttJ 

14.  7 

1£.5 

10.5 

3 

0 

£58 

6.5 

mn 

16.  0 

13.  1 

13.9 

4 

0 

£90 

14.6 

16.  0 

13.6 

14.  £ 

5 

0 

144 

6.  4 

16.6 

14.3 

14.  1 

0 

14£ 

1 .9 

ms-t 

16.  5 

13.9. 

13.  3 

7 

a 

1.5 

iM-'t 

15. £ 

1 £ . 6 

11.7 

3 

0 

142 

£.  4 

15.5 

1£.9 

13.5 

9 

0 

145 

6.  4 

SJ.f* 

16.  7 

14.  0 

14.  £ 

10 

0 

14£ 

£.5 

17.  £ 

14.  1 

14.3 

11 

0 

135^ 

1.3* 

16.3 

14.  7 

13.  1 

18 

0 

114^ 

l.S* 

**** 

16.  5 

14.3 

14.  £ 

13 

0 

' *** 

99SS 

*ie.  5 

14.  £ 

14.  1 

16 

£0 

195 

7.4 

j*Si 

15.  0 

13.  0 

1 0.  5 

1? 

0 

£4  0 

7.4 

13.9 

1£.  1 

1 0 . 0 

IS 

0 

*S* 

11.0 

9893 

l5.  3 

13.£ 

7.6 

IS 

fl 

li.6 

8744 

14.6 

1 3 . 0 

9.  £ 

£0 

0 

174 

9.  0 

8041 

14 . 3 

13.5 

8 . 9 

c'l 

0 

ISO 

5.3 

■mm 

14.6 

13.6 

1 0.  6 

iZ,  c. 

0 

158  ,11.1 

31  08 

14.6 

13.  9 

9.5 

Z'  ~J 

0 

156 

18.6 

64  04 

13.3 

t 

1£.  9 

8.4 

♦♦♦♦♦♦STRRT 

OF  FOG  EVENT^*^^^^ 

83:30 

154 

13.  7 

581 

13.  3 

1£.S 

y • 6 

£3! 

40 

158 

1£.  0 

1 379 

13.  0 

1 c’  • y 

y • y 

£3 

50 

164 

8.  9 

741 

13.  1 

1£.  9 

y ■ u 

0 

0 

163 

9.  8 

67  0 

i 3 . £ 

1£.9 

7. 9 

0 

10 

156 

7.6 

£0  3 

13.  1 

1£.9 

. 5 

0 

£0 

17£ 

8.  0 

417 

13.7 

1 3 . 

7.  9 

0:30 

1S6 

6. 7 

930 

14.  £ 

14. £ 

«■’  • Zf 

0 : 4 0 

£14 

5.  7 

£ 0 06 

14.4 

14.5 

O . -Z* 

1 

0 

176 

6 . 5 

1£54 

14.4 

14. £ 

7.  9 

♦♦♦♦♦♦EMD  OF  FOG 

1! 

10 

141 

6.  0 

3916 

14.3 

14. £ 

8.  5 

♦ 

DRTft'  TRKEN  FROM  EOW 


11 


HftVES  FOG  CRUISE 
JULY  - hUGUST  1975 

PRGE 


DFITE 

TIME 

WD 

l•lS 

VSEY 

HIR 

DF 

SST 

3-'' 

3 

I*  • 

t_  * 

0 

122 

6.  7 

5172  i 

14.7 

14. 

3 

10.  9 

♦♦♦♦♦♦STfIRT 

□F  FDG 

3 

c‘  • 

50 

139 

7.  4 

1372 

14.6 

14, 

4 

3 . 3 

S/- 

3 

T*  • 

-_i  « 

0 

137 

6.5 

948 

14.3 

14. 

1 

6 . 8 

8.^ 

-•  . 

10 

139 

y • 'I* 

4 07 

14.3 

14. 

0 

c*  ■ c 

y 

3 

3; 

20 

154 

14.  1 

1 014 

14.7 

14. 

y 

8.  4 

8-" 

3 

3 0 

151 

10.6 

795 

1 9 

1 3. 

8.  4 

8/' 

3 

3: 

40 

130 

6 . 6 

840 

13.9 

13. 

r 

c*  ■ c 

■3y' 

O 

3 ! 

50 

130 

9.7 

853 

1 3 . 9 

13. 

8.  1 

♦♦♦♦♦♦EMD  OF  FQG 

By 

3 

4: 

0 

130 

9.  1 

262€- 

14.4 

14. 

3 

7.4 

By 

3 

5: 

0 

128 

5.9 

4643 

15.0 

14. 

3 

8.  4 

By 

3 

6 1 

0 

71 

8.6 

968 

14.  7 

14. 

5 

8.  1 

By 

3 

6 1 

10 

62 

y . c! 

3 1 5 0 

14.6 

14. 

4 

8.  7 

By 

? 

7f 

0 

58 

8. 2 

4699  i; 

14.9 

14. 

9 

8.  4 

By 

3 

U ! 

0 

1 35 

6.6 

6200  ■ 

14.9 

14. 

c. 

9.  7 

By 

3 

9: 

0 

93 

18.2 

6511 

14.  4 

13. 

»■’ 

1 0.  2 

By 

3 

1 0: 

0 

*?  •& 

£ 1 . 0 

6468 

14.  0 

13. 

5 

8 . 9 

By 

3 

li: 

0 

93 

16.  7 

7847 

14.  7 

13. 

9 

11.5 

By 

3 

13: 

0 

9£ 

14.7 

8784 
7078  '■ 

13.5 

12. 

cr 

7.  1 

By 

3 

13: 

0 

. 349 

11.2 

12.  0 

11. 

y 

3.  0 

By 

3 

14: 

0 

63 

8.5 

5628 

13.1 

12. 

3 . 9 

By 

3- 

15: 

0 

76 

10.5 

2515 

13.9 

13. 

4 

9.  9 

By 

3 

15: 

£0 

58 

9.  0 

1 673 

14.  1 

13. 

l’ 

8.5 

By 

3 

16: 

0 

5812 

14.4 

13. 

9 

1 0 . 8 

By 

3 

17: 

0 

75 

12.  7 

5032 

14.3 

13. 

9 

11.4 

By 

3 

18: 

0 

71 

14.  1 

9303 

14.7 

13. 

9 

11.6 

By 

3 

19: 

0 

66 

13.4 

3784 

14.6 

13. 

6 

11.5 

By 

20: 

0 

6£ 

14.2 

3365 

14.  1 

13. 

1 0 . 3 

B.y 

3 

2H 

0 

75 

15.  9 

2304 

13.8 

13. 

4 

1 0 . 3 

By 

3 

2U  10 

76 

1 5 . 0 

1711 

13.5 

13. 

1 

9.  1 

♦ '» 

DRTft  tFiKEM  FROM  ED'.l 


PR6£ 


hhyes  fog  cruise 

JULY  - miJGUST  19,^5 


TIME 

i.iJD 

WS 

■YSEV 

RIR 

OP 

iST 

c.  c. 

0 

G3 

9.  7 

£495 

14.  £ 

14.  0 

9.  7 

3 

u.  W* 

0 

£44 

4.  0 

3943 

14.  3 

14.0 

9.  9 

"« 

£3 

40 

69 

13.  £ 

19£7 

14.3 

14.0 

1 0 . £ 

£3 

50 

76 

14.  £ 

1 8 0 1 

14.  3 

14.  1 

10.  1 

4 

0 

0 

80 

15. £ 

£141 

14.5 

14.4 

9.  8 

4 

1 

0 

80 

18.  1 

4 J48 

15.  1 

15.  0 

11.1 

4 

iZ 

0 

46 

17.0 

5179 

15.3 

15.  £ 

ll.£ 

4 

.J 

£ 

:ESS 

6489 

ft  ft 

11.3 

4 

f, 

4 

33 

£0.9^ 

8945 

mt'i 

fttt 

11.5 

4 

0 

48^17.6^ 

6866 

mm 

fttt 

11.6 

4 

s 

10 

9133 

tttt 

11.6 

4 

9 

8744 

•Eft* 

•ft'tt 

11.7 

4 

9 

4 0 

147 

1£.  1 

59£ 

15.4 

15.  3 

11.6 

4 

1 0 

0 

74 

19.  £♦ 

446£ 

15.8 

15.  8 

1£.3 

♦♦♦♦♦♦STRRf  OF  FOG  EVERT^*^^^^ 


4 

10:50 

58^15.£^ 

513 

14.3 

14.4 

9.9 

4 

11 : 0 

£?♦! 1 . 0^ 

389 

13.8 

13.4 

9.  5 

4 

1 1 : 1 0 

47^13.9^ 

363 

13.4 

13.  1 

3.9 

4 

ll:£0 

51^13.9^ 

47£ 

13.2 

1£.  9 

9.  £ 

4 

1 1 : 50 

59^14. !♦ 

5££ 

12.7 

12.5 

8.4 

4 

11:40 

59^15. !♦ 

506 

12.4 

12.  £ 

8.8 

4 

li:50 

56^1S. 3^ 

694 

12.7 

12.6 

8.  8 

4 

1 £ : 0 

53*17. 6^ 

994 

1 3 . 0 

1 3 . 0 

9 . 0 

4 

1£:  10 

57*17. 1* 

70£ 

13.  3 

1 3 . 3 

9 . 9 

4 

1 £ ; £ 0 

51*15.8* 

8 0 7 

13.4 

1 3 . 3 

1 0 . 0 

4 

1£:30 

41*16.7* 

80  0 

13.3 

1 3 . £ 

10.  1 

4 

1£:  40 

tss  mm 

1 033 

13.4 

13.2 

1 0 . 6 

♦♦♦♦♦♦end  of  fog 

EVENT****** 

4 

1£:50 

4*11.8* 

2037 

1 cl . cl 

13.£ 

1 0.4 

4 

13:  0 

13*15.9 

2531 

13.  £ 

13.2 

1 0 . 3 

♦♦♦♦♦♦STRRT  OF  FOG  EVENT^^^^^^ 

4 13:40  *S;S  SS*S  *Sft  13.  £ 13.1  7.  9 


♦ 

DRTR  TRKEM  FROM  EaW 


r 


hhves  fog  criji 

SE 

JlJL'i-  - RUGUiT  1 

975 

[ DRTE 

r I ME 

WD  WS 

VSEt' 

R 1 R 

DP 

SST 

t 3..-  4 

15:50 

86^ 1 4 . 6^ 

1 594 

1 5 . 3 

1 3.  1 

7.6 

1 8--  4 

14:  0 

45^1 5. !♦ 

77S 

1 . 5 

i t if 

7.5 

•5  - 4 

14:  10 

5^1 3. !♦ 

977 

13.1 

13.  1 

7.4 

i 8.-  4 

14:8  0 

353^15.4^ 

969 

1 c‘  ■ r 

36 . 9 

-• 

t a 

‘ a--  4 

14:  :-;0 

!♦! 3. 7* 

tiff 

18.9 

18.  9 

7.4 

[ a ■-■  4 

14:4  0 

83^14. 5^ 

816 

13.  4 

44.  1 

•Z‘  m C 

a--  4 

14:50 

88^14. 7^ 

845 

18.  a 

1 c‘  ■ 1 

8.  5 

a-  4 

1 5 : 0 

4'3^1  7.  !♦ 

8 U 0 

13.  3 

11.1 

9 . 3 

a 4 

15:1  0 

45»13. !♦ 

1 0 1 8 

13.5 

1 3.8 

1 0 . 5 

f a."  4 

15:8  0 

aa^l 7. 7^ 

838 

1 

13.4 

1 0 . 0 

8 ■■■■  4 

15:  30 

8a^l3. 5^ 

648 

13.7 

13.5 

9.  9 

S '-  4 

15:40 

3 O'*  16. 5* 

6 li!  U 

13.7 

13.4 

10.1 

a-  4 

15:50 

88*ia. 3* 

81 18 

14.  0 

1 3 . 7 

9.  9 

8-  4 

1 6 : 0 

:i:*t  mt.'l 

fftf 

14.0 

13.7 

1 0 . 0 

3."  4 

16:1  0 

80*15. 4* 

17  09 

1 4 . U 

13.7 

9.  9 

a--  4 

16:80 

8*13. 5* 

167c 

13.7 

13.5 

1 0 . 0 

a ■■  4 

1 6 : 3 0 

13*14.9* 

1 8 1 6 

1 3 . 7 

1 3 . b 

9.  7 

a--  4 

16:4  0 

88*15. 0* 

1554 

1 3 . 7 

13.5 

9 . 8 

a - 4 

16:5  0 

57*18. 9* 

7 c*9 

1 J 6 

13.4 

9.  9 

a--  4 

1 7 : 0 

130  13.3* 

i'  o c* 

13.4 

1 3 . 8 

9 . 9 

a-  4 

1 P : 1 0 

80  13.4* 

r‘  c C' 

1 -im  t! 

13.  0 

9.  3 

a.-  4 

ir:  80 

0 14.0* 

708 

1 3.  1 

18.9 

a.  4 

S'  4 

17:3  0 

64  0 

18.9 

18.8 

cl  a 3 

a-  4 

17:4  0 

fi'tt  t'ffS 

568 

13.8 

18.6 

7. 9 

a-'  4 

17:50 

■tm  81. -ft 

576 

1 c! . cl 

18.9 

7 

8"-  4 

1 8 : 0 

584 

18.  8 

1 8 . a 

y a Zf 

a . -'  4 

18:1  0 

•I'M.  8*:£i 

477 

18.9 

18.  9 

9. 8 

p a-  4 

1 8 : 8 0 

£5;  if 

6 

13.  3 

15.3 

9.  7 

a."  4 

18:30 

iff  itfi 

515 

13.5 

1 3 . 

9. 9 

8 - 4 

18:4  0 

iff  fftf 

1574 

14.  i.i 

1 4 . 0 

1 1 . 0 

******ENri  OF  ROG 

EVENT****** 

a -'  4 

18:  50 

iff  tiff 

4 098 

15.  0 

15.3 

11.9 

a - 4 

1 9 : 0 

fit  tiif 

6341 

15.1 

47.4 

18.4 

dhtr  trken  from  Eai.i 


iU 


1 


Pt=|i5E  ? 


hht'es  fog  CPUISE 
JUL  i'  - fliJGUiT 


riRTE  nriE 

I'JS 

VEBV 

RIR 

DP 

SST 

4 E'O:  0 

O 7 

I 

9.  3 

ttst 

15.5 

15.4 

IE.  6 

F 

• 4 El:  0 

S3 

1 3 . 3 

3 7 3E 

15.1 

15.  1 

1 E . 4 

♦♦♦♦♦♦STRRT  OF  FOG  EVENT»^^^^^ 

,2 

• 4 E 1 : 1 0 

if'i. 

1613 

14.6 

14.4 

IE.  E 

F 

■ 4 £ 1 : E 0 

i-m 

mm 

1 356 

14.  1 

14.0 

11.4 

F 

••  4 El:  30 

mm 

1E45 

13.  7 

1 3.5 

1 0.  3 

F 

••  4 El:  40 

■tm. 

■imi 

1E45 

13.6 

13.5 

10.0 

♦♦♦♦♦♦ENB  OF  FOG 

EVEHT^^^^^^ 

c 

• 4 EE:  0 

mm 

4556 

IE. 8 

1 E.  6 

9.3 

F 

• 4 E3:  0 

mm 

90E 

13.  0 

13.  0 

10.3 

,E 

4 E3 : 1 0 

mm 

1509 

13.4 

13.4 

9.6 

F 

4 E3:£0 

mm 

1437 

13.  3 

13.3 

9.  7 

F 

4 E3:30 

iJi 

•mm 

6E00 

13.5 

13.6 

1 0.  1 

F 

■ 5 0 : 0 

tm 

■mm 

3904 

13.9 

13.9 

11.5 

F 

■ 5 1 : 0 

mi 

mm 

9398 

14.5 

14.3 

10.8 

F 

5 1 : E 0 

■mi 

■mm 

517 

14.4 

14. E 

10.8 

F 

5 E : 0 

iii 

mm 

314E 

14. E 

14.  0 

9.  1 

F 

5 4:10 

mi 

mm 

5 053 

13.5 

13.4 

11.4 

F 

••  5 5 : 0 

■iii 

mu 

3E10 

14.  1 

14.2 

11.9 

F 

■ 5 6 : 0 

■mi 

■iiii 

3495 

14.4 

14.5 

IE. 5 

'= 

5 F:  0 

■iii 

ii'ii 

5669 

14.4 

14.  7 

IE. 5 

♦♦♦♦♦♦STRRT 

□F  FOG  EVEMT^^^^^^ 

;2 

■■■  5 7:4  0 

*** 

mm 

6E9 

15. E 

15.  0 

13.  1 

F 

•■■■  5 7 : 5 0 

3** 

fiii 

4 03 

15.1 

14.3 

13.  1 

C 

■■■  5 8:  0 

■m-i 

■mm 

470 

14.8 

14.3 

1 E . 3 

F 

■ 5 8 : 1 0 

iii 

i'iii 

39E 

14.  1 

1 8 . 6 

lE.E 

F 

• 5 3 : E 0 

iii 

34E 

13.  4 

IE.  9 

9.  4 

I 

• 5 3 : 3 0 

iii 

its* 

i_ 1 

13.  1 

IE.  7 

3.  7 

F 

5 3:4  0 

mi 

tttt 

£64 

IE.  9 

IE.  7 

8.  5 

DRTR  TRKEN  BOW 
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H H I ’ E S FOG  C F'  i.i  I !■  E 
JULY  - HUGH  ST  19.- '5 


dhte 

TIME 

UID 

US 

•ASBV 

RIP 

DP 

SST 

O ■'  — * 

5 0 

Jtt 

351 

12.  9 

12.  7 

7.8 

O O 

Q 

0 

£3;S:i. 

353 

1 3 . 0 

12.8 

I’  • ( 

;-*  S 

0 

10 

331 

13.  1 

13.0 

3.  1 

c 

o • _> 

0 

20 

236 

1 3 . 3 

13.2 

8. 5 

S-"  5 

0 

3 0 

f.m 

ims. 

325 

13.  4 

1 3 .-3 

'*’•  • 

i“i  ^ cr 

O ■ 

0 

4 0 

am 

403 

13.5 

13.4 

10.7 

S 

0 

50 

Its. 

365 

13.6 

13.5 

1 0 . t. 

0 5 

10 

0 

512 

13.6 

13.5 

1 1 . Y 

3'  5 

1 U 

1 0 

■£:£;£ 

463 

13.  7 

13.6 

1 0 . 8 

3''  ti 

1 0 

2 0 

S*:i; 

$m$ 

492 

1 3 . 8 

13.  7 

10.5 

O cr 

10 

3 0 

tm9 

42> 

1 3 . 5 

1 3.4 

10.5 

3--  5 

1 0 

40 

■£t* 

mm 

335 

12.  9 

12.6 

0.0 

.•■■■  S 

1 0 

50 

mt 

212 

12.  9 

12.9 

8.5 

S '-  5 

11 

0 

:£** 

mm 

135 

12.6 

12.  4 

9.  4 

3 '-  5 

11 

10 

Stt 

mm: 

315 

12.9 

12.  7 

P 

S "'  5 

11 

20 

ttt 

m:m 

561 

1 c.'  ■ r 

1 C*  • 1 ‘ 

8.  4 

S -'  5 

1 1 

30 

•BtS 

:$m.t 

627 

12.6 

12.6 

■I* . 21 

S--  5 

11 

40 

*** 

mm 

1502  ' 

12.5 

12.3 

7.  9 

S ''  5 

11 

50 

S*t 

m:m 

3439 

12.9 

1 C'  • I' 

8 . 0 

S-  5 

Id 

J 0 

S*'i: 

mm 

3838  ' 

13.7 

13.4 

"7  ;!} 

3.-  5 

12 

£0 

ill 

mm 

664 

14.  0 

13.8 

S.3 

0/  5 

12 

30 

fiJ 

■m‘m 

612 

13.8 

1 3 . 6 

y . t- 

8-  5 

13 

0 

m$t 

3373  ♦ 

15.5 

7.  1 

c* . r 

3'-  5' 

13 

10 

ttt 

■£:£*■£ 

523 

14,1 

14.0 

7 . 6 

S.-'  5 

13 

50 

2pi> 

8. 4^ 

176- 

13.9 

1 3.  7 

8.8 

S--  3 

14 

0 

3«01^ 

9.3^ 

428' 

14.8 

14.5 

O 

3'  5 

14»10 

311^10.24 

136; 

15.5 

15.8 

7.9 

♦♦♦♦♦♦ERti  CF  FOG 

f 

8 - 5 

14«  20 

299^ 

3. 3^ 

3585' 

15>6 

15.  6 

8.4 

3 5 

15*,  0 

295  ' 

7.  0 

5832 

15.  1 

14.8 

9.  9 

3--  3 

16^  0 

377 

11.4 

7769 

15.7 

15.  1 

10.3 

8'  3 

17»;  0 

260 

12.2 

7345 

15.5 

14.3 

10.8 

3'  5 

131^  0 

9466  ' 

18.3 

15.4 

9.  4 

I 

♦ • 

i fiFiTR  TRKEn  FROM  BQiY 
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PRGE  8 


Pft'5E  9 


HAVES  EOb  CF'UISE 
JiJLV  - AUGUST  1975 


DATE 

TINE 

WD 

WS 

VSEV 

AIR 

DR 

SST 

c 

19 

0 

£68 

8.9 

91 1£ 

8.  5 

S'-' 

•5 

£■0 

0 

£85^1 1. 7» 

8497 

■ih'm 

mi- 

10.0 

8-‘ 

5 

£1 

0 

£74 

11.4 

8744 

1 6 . c* 

14. -5 

> 9.  0 

3 ■■■■ 

5 

lZC. 

0 

£73 

10.6 

1''  8 u u 

15.  3 

14.  0 

1 0.  1 

S' 

£3 

0 

£46 

6.3 

99£4 

16.5 

15.  1 

1£.  9 

3-“ 

3 

0 

n 

£44 

4.  0 

asm 

16.6 

15.5 

1£.  7 

3-‘ 

y 

1 

0 

300 

1 0.  0 

is** 

17.  3 

16.  0 

13.  1 

■Z>  ' 

3 

2i 

c. 

0 

£8 

1.6 

8$S:£ 

16.6 

15.9 

1£.  6 

S'-' 

8 

3 

0 

30£ 

3.5 

9353 

16.8 

16.  0 

1£.  3 

V, 

6 

4 

0 

5 

5.6 

9535 

16.  1 

15.9 

1£.  5 

♦♦♦♦♦♦START 

OF  FOG  EVENT^^^^^^ 

t, 

4 

30 

355 

1 0.  3 

860 

16.  £ 

16.  £ 

1£.  7 

y.y 

8 

4 

40 

4 

9.4 

59£ 

16.  £ 

16.  £ 

1£.  7 

y..--- 

y 

4 

50 

5 

10.£ 

5£7 

16.  1 

16. £ 

1£.5 

S-' 

3 

0 

1 

1 0.4 

635 

16.  1 

16.  £ 

1 £ . 3 

3 

5 

10 

5 

11. £ 

673 

16.  1 

1 6 . £ 

1£.£ 

■5  ■■■■ 

8 

^1 

£0 

9 

1£.  1 

1£16 

16.  1 

16.3 

1£.5 

8-‘ 

6 

5 

30 

15 

9.5 

863 

1 6.  £ 

16.4 

1£.3 

3-‘‘ 

6 

BT 

•-» 

4 0 

££ 

8.5 

3£53 

16. £ 

16.4 

1£.  £ 

S'" 

ti 

5 

50 

17 

1£.4 

143£ 

16.  1 

16.3 

1£.5 

S-' 

3 

6 

0 

1 67 

15.  1 

£0££ 

15.8 

16. £ 

1£.3 

o 

y 

6 

£0 

£6 

15.8 

1146 

15.  7 

16.  £ 

1£.4 

8-" 

s 

6 

30 

£3 

10.  1 

1091 

15.  7 

1 6 . £ 

1£.  1 

6 

6 

40 

44 

10.4 

767 

15.  7 

16.  1 

1 £ . 0 

8"- 

y 

6 

50 

351 

10.  7 

514 

15.6 

16.  1 

1£.  1 

C*  y 

8 

■7 

1 

0 

££ 

9.  1 

510 

15.  7 

16.  1 

1£.  1 

8-"' 

y 

I' 

10 

353 

13.3 

5£7 

15.9 

1 6 . £ 

1£.5 

8 ■■■' 

6 

*? 

1 

£0 

353 

1£.  3 

5 04 

16.  0 

16.  3 

1 £.  5 

y 

b 

I*" 

30 

4 

15.  0 

6£9 

16.  1 

16.  J 

1£.4 

8 

b 

? 

40 

1 

13.  0 

489 

16.  1 

1 6 . c' 

1£.  3 

8-- 

b 

7 

50 

343 

13.5 

44£ 

16.  1 

16.  £ 

1£.6 

3.-'* 

6 

0 

0 

340 

13.6 

490 

16.  £ 

16.  £ 

1 c‘  • d 

s.-- 

♦f, 

8 

10 

347 

14.  0 

5 09 

16.3 

1 6 . 3 

1 £ . 6 

♦ 

DATA  TAKEN  FROM  BOW 
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■fr.  ijj  i.n  n.1  to  cn  pj  w t-n  ~vj  "vj  i to  cf  ' 


hhyes  fdg  cruise 

JULY  - flUbUST  1975 

PHbt  1 U 


DRTE 

TIME 

wn 

WS 

VSEY 

RIR 

DP 

SST 

3-- 

i£, 

8 : £ 0 

346 

13.  9 

593 

1 b . £ 

16.  £ 

1£.  7 

a- 

t. 

3 : 3 0 

341 

1£.  0 

359 

1 6 . 0 

16.  1 

1£.6 

a-- 

8 : 4 u 

343 

9 . 9 

348 

15.9 

1 6 . 0 

1£.  5 

3-' 

8:50 

33  0 

14.  1 

6 06 

16.  0 

1 6 . 0 

1 £ . £ 

3-- 

Ij;, 

9:  0 

330 

11.3 

590 

15.  9 

15.  9 

1£.  £ 

3-' 

9:  10 

357 

1 0 . 3 

583 

15.9 

15.9 

1 £ . 3 

3.- 

9:  £0 

357 

C'  • »■' 

13£5 

1 6 . 0 

16.  0 

1 £ . 0 

C*  •*'* 

6 

9 : 3 0 

1£ 

1 1.£ 

711 

15.8 

15.9 

1£.  3 

6 

9:40 

10 

1£.5 

8£1 

15.9 

1 6 . 0 

1£.  1 

3.- 

t, 

9 : 5 0 

C' 

11.6 

69 1 

16.  0 

1 6 . 0 

11.7 

6 

1 0 : 0 

3£0 

14.9 

551 

15.7 

15.6 

11.7 

3-' 

6 

10:1  0 

337 

13.3 

368 

15.3 

15.  3 

11.3 

3-' 

6 

10:  £0 

343 

1£.  7 

393 

15.  9 

15.3 

11.6 

3 

6 

1 0:  30 

345 

13.  1 

446 

16.  0 

16.0 

11.3 

3-' 

s 

10:4  0 

350 

ll.£ 

544 

15.8 

15.3 

11.7 

S'- 

10:50 

353 

9 . 3 

5£3 

15.  9 

15.3 

11.1=. 

3 - 

1 1 : 0 

34£ 

11.3 

664 

16.  1 

16.1 

11.5 

3'- 

11:10 

350 

11. £ 

ft  7*  ft 

16. 3 

16.3 

1£.  1 

3- 

s 

ll:£0 

34  0 

3.  0 

99E: 

16.  -3 

16.  3 

1 £ . 5 

S'- 

6 

11:30 

350 

9.  7 

466 

16.5 

16.  5 

1 £ . 3 

S'- 

t« 

11:40 

351 

1 0 . 0 

767 

16'.  3 

16.7 

1 3.  1 

S'-' 

t, 

11:50 

36  0 

11.6 

917 

16.9 

16.3 

1 £ . 3 

♦♦♦♦♦♦end  QF  FQG 

EVEN !♦♦♦♦♦♦ 

3 

ifl 

1£:  0 

13 

11.1 

59  00 

17.  1 

1 6 . S 

1 £ . 6 

♦♦♦♦♦♦STRRT 

OF  FOG  EVENT ♦♦♦♦♦♦ 

ft 

6 

13:  0 

***♦****♦ 

547 

19.  5 

7.  7 

1 £ . 6 

S'- 

<s 

13:1  0 

33  0 

3.5 

485 

1 6 . '3 

16.5 

13.  1 

8 ■■■' 

s 

1 3 : £ 0 

330 

1 0.  3 

503 

1 7 . U 

16.6 

1 3 . £ 

3- 

s 

13:30 

34£ 

1 0 . 9 

665 

17.3 

17.  0 

1 3 . 3 

C' 

t, 

13:40 

334 

11.9 

633 

1 7 . 3 

17.  0 

13.4 

S'' 

13:50 

338 

1£.  1 

573 

17.3 

1 7.  1 

13.4 

DhTh  TRKEU  from  E:Dm.I 
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HhVES  FDG  CRUIiE 
JULY  - RU6U3T 

, Pi=»G£  1 1 


[iH  re: 

T I HE 

WD 

Ills 

VS  BY 

AIR 

DP 

SST 

;; 

14 

0 

338 

1 0.  7 

830 

17.8 

16.9 

13.5 

> 

E« 

14 

1 0 

340 

1 0.  4 

1 039 

17.8 

16.8 

13.4 

♦♦♦♦♦♦EHD  OF  FOb 

EVENT^^^^^^ 

V 

E* 

14 

80 

340 

9.  0 

3959 

16.  9 

16.6 

18.9 

;£ 

•=* 

15 

0 

345 

7.4 

16.9 

16.8 

13.  8 

'E 

IG 

0 

319 

6.6 

14.  7 

13.  9 

11.3 

•E 

17 

0 

85 

8.  9 

*1:** 

17.  0 

16.  0 

13.7 

E 

r. 

18 

0 

117 

3.3 

17.5 

16.8 

18.5 

■2 

E- 

19 

0 

817 

1.3 

mm 

■£**•£ 

13.8 

c 

80 

0 

838 

5.6 

■mm. 

■mm 

13.0 

E 

E* 

81 

0 

8 04 

6.4 

f*** 

17.8 

16.7 

11.1 

E 

E» 

c'c' 

0 

tJt 

84  05 

17.  1 

16.8 

18.8 

■: 

E« 

ci  -• 

0 

163 

3.5 

mm. 

1 E- . 8 

16.4 

18.  1 

E 

? 

0 

0 

197 

9.  7 

9489 

16.  1 

15.  9 

,11.7 

E 

•7 

1 

0 

194 

8.4 

9848 

15.  7 

15.4 

11.5 

E 

r 

0 

fli* 

SSSS 

16.  1 

15.8 

18.8 

E 

r 

j; 

0 

mm. 

15.  9 

15.  7 

18.8 

E 

1? 

4 

0 

S;££$ 

8515 

15.  9 

15.  7 

18.8 

E 

r' 

c 

0 

838 

6.8 

•£*** 

17.3 

16.7 

18.9 

E 

El 

0 

871 

4.9 

1 i'  m 

16.6 

13.5 

i; 

i‘ 

Cl 

8S5 

6.  1 

8045 

17.7 

17.4 

13.9 

♦♦♦♦♦♦START 

□F  FOG 

•1 

r’ 

r* 

10 

878 

6.  0 

439 

17.7 

17.4 

13.6 

E 

y'  p 

♦' 

80 

866 

6.9 

887 

1 1'' . 6 

17.4 

13.4 

E 

30 

891 

8.8 

867 

17.5 

17.3 

18.4 

E 

i’’ 

40 

873 

7.5 

809 

17.  1 

17.  0 

18.8 

E 

r’ 

f' 

50 

867 

7.  7 

806 

16.9 

16.8 

18.4 

E 

s 

0 

*:£t 

**S 

859 

16.8 

16.7 

18.4 

E 

•7 

r 

E: 

1 0 

848 

5.  9 

838 

1 6 . 7 

16.6 

18.  7 

E 

*■’  f' 

8 : 8 0 

839 

5.4 

833 

16.7 

16.5 

18.  7 

S 

^ 7 

»~i 

30 

858 

6.5 

845 

16.6 

16.5 

18.3 

E 

-■  7 

8 

4 0 

831 

6. 4 

870 

16.6 

16.6 

18.  7 
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Hl=iYES  FD6  CRUISE 
JULY  - RUCUST  1975 

PRGE  13 


riRFE 

T I ME 

WD 

WS 

■\'SE:Y 

RIR 

DR 

SST 

£ 

0 : 0 

■5*1. 

'!.$** 

59  0 

15.4 

15.4 

11.6 

> 

0 : 1 1 j 

304 

11.1 

1150 

15.4 

15.4 

1 £ . 0 

0 : £ 0 

£Sb 

‘9 . 8 

1 lb3 

15.6 

15.6 

1£.  0 

*C 

■■■■  > 

0 ! 3 0 

£33 

1£.  0 

915 

15.5 

15.5 

1£.  0 

:E 

■■■ 

d : 4 0 

£89 

15.9 

19  35 

15.6 

15.6 

1 £ . 0 

> 

■■■■  : 

0 : 5 0 

£95 

1£.5 

£3  Ob 

15.  7 

15.6 

1 c! . c 

;E 

1 : 0 

£75 

1 0.  3 

££91 

15.  7 

15.  7 

1 £ . £ 

> 

t 

1 : 1 0 

£8£ 

1 0 . 3 

'9  3b 

15.8 

15.  7 

1£.  1 

:E 

1 : £■  0 

*** 

**** 

599 

15.8 

15.  7 

1 £ . 0 

.f 

1 : 30 

£65 

6 . 8 

14£6 

15.8 

15.8 

1£.  1 

♦♦♦♦♦♦END  OF  FOG 

♦ 

f 

£ : 0 

306 

8.  £ 

b577 

15.8 

15.7 

1£.3  ' 

c 

■■■■  3 

3 : 0 

308 

8 . 9 

5455 

15.  7 

15.6 

1£.4 

♦♦♦♦♦♦SrRRT 

OF  FOG  EVENT^^^^^^ 

c 

3:40 

314 

9.  0 

14-95 

15.7 

15.7 

1£.£  i 

;E 

3:50 

319 

8.  ■? 

537 

15.  7 

15.  7 

1£.0 

- 

s 

4:  0 

*S* 

**** 

3bb 

15.  7 

15.6 

l£.l 

z 

‘I 

4:10 

3££ 

7.  0 

£9£ 

15.6 

15.6 

1£.  0 

c 

3 

4:£0 

3ie 

6.  5 

308 

15.6 

15.6 

11.3 

;f 

3 

4:30 

305 

5.  b 

£88 

15.4 

15.4 

11.6 

c 

c 

4:40 

3 08 

b . 0 

£58 

15.  3 

1 5 . 3 

11.5 

:E 

3 

4:50 

31£ 

6.4 

£99 

15.  3 

It*,  -ri 

11.6 

:E 

3 

5 : 0 

3 Ob 

b . 8 

££9 

15.4 

15.3 

11.6 

:E 

3 

5 : 10 

30£ 

b.  1 

£3£ 

15.5 

15.5 

1£.  4 

P 

3 

5 : £ 0 

*** 

**** 

££3 

15.7 

15.6 

11.8 

s 

3 

5:30 

300 

b . 4 

311 

15.3 

15.7 

11.6 

c 

3 

5 : 4 0 

£90 

•3 . £ 

£95 

15.6 

15.6 

1 1 . r' 

P 

.■■■  3 

5:50 

£89 

7.7 

£6  0 

15.7 

15.  7 

11.7 

P 

■ 

6 : 0 

£8£ 

4.3 

£34 

15.  7 

15.  7 

1£.  1 

E 

•z> 

6 : 1 0 

£89 

5.  8 

£08 

15.  3 

15.  8 

11.6 

■- 

•z 

b : £ 0 

£90 

7.  1 

£60 

15.9 

15.8 

11.5 

DRTR  TRKEN  FROM  BO'.I 
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) 


( 


HR  I'E-:  FDG  CRUISE 
JULY  - RUGUST  ly.-'S 

PRGt  1-4 


DrifE 

TIME 

mi 

W3 

VSBY 

RIR 

DP 

SST 

... 

3 8 

3 0 

3 1 3 

5 , 0 

347 

1 5 . 9 

15.9 

13. 

0 

8 ■ ■■ 

Ei  6 

4 0 

fi::f 

it  It 

363 

1 6 . 0 

15.  9 

13. 

1 

8--' 

3 6 

GO 

3 04 

1 'I* 

371 

16.  0 

15.  9 

13. 

»■ 

8 ■■■ 

3 7 

0 

30  r 

6 8' 

336 

16.1 

1 6 . 0 

13. 

;Z; 

8-' 

"•  r 

1 0 

38  f" 

5.  5 

389 

16.  c! 

16.  1 

13. 

8 

5 

D i‘ 

3 0 

375 

3 . 9 

348 

16.3 

16.3 

13. 

1 

3-" 

3 i' 

3 0 

39  0 

4. 9 

350 

1 6 . 3 

16.3 

1 3 . 

ft 

9-‘ 

r!  r' 

4 0 

303 

6. 6 

335 

16.4 

1 6 . 3 

1 5, 

_( 

8---'' 

r*  r 

5 0 

394 

7.4 

393 

16.4 

16.4 

1 3. 

r" 

8 ■■■' 

-r; 

0 

:£SJ: 

it  it 

343 

16.5 

1 6 . 4 

1 3. 

0 

s 

3 S 

1 0 

333 

9. 4 

416 

16.5 

16.4 

13. 

■8 

8 

5 3 

30 

393 

y 

457 

16,5 

16.  3 

1 3 , 

4 

■I* 

3 

3 0 

3 0 0 

8.4 

5 0 1 

1 1. . 5 

16.4 

13. 

0 

8 ■ 

Z'  o 

4 0 

395 

6 . 3 

481 

16.  5 

16.4 

1 3. 

1 

y ■■ 

— * 3 

5 0 

3 1 0 

5.  7 

5 0 3 

1 6 . 5 

16.  4 

13. 

3 

8 ■ 

3 9 

u 

335 

5.4 

4 06 

16.5 

16.4 

1 3. 

1 

8 ■ ■ 

3 9 

1 0 

■s.m 

tttt 

33:9 

16.5 

16.4 

1 5 . 

1 

8*-’’ 

3 9 

30 

■im 

it  it 

r-”. 

•-.«  l’ 

16.5 

16.4 

13. 

ft 

0..-- 

3 9 

3 0 

31 1 

5 . 6 

44  0 

16.5 

16.4 

13. 

0 

8 ■■■■ 

8 9 

4 0 

15 

jZj 

476 

16.5 

16.4 

1 3. 

0 

ft..--- 

3 9 

5 0 

■^ 

3 . 6 

t'  t'' 

16.5 

16.5 

13. 

El  ' 

3 1 0 

0 

16 

6. 9 

835 

16.5 

16.5 

13. 

0 

ft.-' 

3 1 0 

10 

34 

5.3 

369 

16.6 

16.  5 

13. 

1 

8 ■■ 

3 1 0 

30 

33 

7.  1 

513 

16.  5 

16.4 

13. 

■El  ■■■■' 

3 10 

30 

4 0 

6 . 0 

488 

16.5 

16.4 

13. 

8 ■ 

3 10 

4 0 

*st 

ft  it 

476 

16.  4 

16,3 

1 3. 

f' 

♦♦♦♦♦♦EMD 

□F:FDG 

O X 

3 10 

50 

79 

5.  3 

3 1 96 

16. 

16.  1 

1 3 . 

f“. 

ft 

3 11 

0 

70 

6.  3 

3 743 

16.  r- 

16.  1 

1 3. 

c. 

8:  ■ 

3 11 

4 0 

53 

1 0 . 9 

663 

15.  9 

15.7 

13. 

1,1 
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THE  SHIPBOARD  COf^PUTER  SYSTEM 


J.  D.  Clamons 
Naval  Research  Laboratory 


DATA  ACQUISITION  SYSTEM 

Many  of  the  sensors  used  on  the  cruise  were  interfaced  to  NRL's 
shipboaj-d  computer  which  was  configured  for  this  cruise  as  diagrammed 
in  Flpure  1.  The  computer  served  as  a data  logging  device,  a real-time 
data  processor  and  plotter,  and  as  an  automatic  ship  navigation  system. 

Data  was  acquired  and  processed  by  a HP2100S  computer  with  32K  memory 
operating  r.nder  Hewlett-Packard  Real  Time  Executive.  Programs  and  temporary 
data  were  stored  on  a HPT900  disk  while  two  HP79T0,  9-track  magnetic 
tape  units  provided  a permanent  data  log.  The  system's  main  terminal 
was  a HPPf^l'i  CRT  device,  while  a Tektronix  U012  unit  served  as  an 
auxiliary  terminal  used  mainly  for  plotting.  An  analog  HP2323  Data 
Acquisition  System  with  multiplexer  and  A/D  converter  sampled  26  channels 
of  data.  In  addition,  a high  speed  multiplexing  A/D  converter  was  used 
to  acquire  ten  additional  channels  of  data.  In  all,  there  were  83  channels 
of  both  analog  and  digital  data  coupled  to  the  computer  and  these  are 
listed  in  Table  1.  Most  of  the  channels  were  sampled  once  per  minute,  but 
the  sampling  rates  ranged  from  100  per  second  to  once  every  10  minutes. 


DATA  HANDLING  PROCEDURE 


All  data  was  immediately  logged  on  magnetic  tape  in  raw  form.  In  addition, 
most  of  the  data  was  also  stored  temporarily  on  disk  for  real-time  processing. 
For  monitoring  purposes,  certain  data  was  converted  into  physically 
meaningful  units  and  logged  on  the  line  printer  every  15  minutes.  Because 
of  the  changing  state  of  several  experimental  instruments  and  their  calibration 
constants,  this  log  is  not  considered  to  be  a final  log  of  the  data,  but 
rather  a rough  real-time  indicator  of  conditions.  Final  reports  were 
prepared  from  the  data  logged  directly  on  magnetic  tape. 


RFJVL-TIME  KITE  BALLOON  MONITOR 


Atmospheric  soundings  of  pressure,  temperature,  and  humidity  were 
transmitted  from  a tethered  kite  balloon  with  a three  channel  telemetry 
system.  Disk  files  of  this  data  were  maintained  enabling  immediate  access 
to  the  data  for  the  last  ten  balloon  flights  and  real-time  profiles  of 
temperature  and  humidity  versus  time  were  plotted  on  the  graphics  terminal 
at  will  either  during  or  after  the  flights.  See  Figure  2 for  an  example. 
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REAL-TIME  ANALYSIS  OF  ATMOSPHERIC  ELECTRICITY  VARIABLES 


The  atmospheric  electricity  investigation  utilized  l8  channels  of  data 
sampled  at  either  IHz  or  lOOHz.  The  most  recent  POhS  samples  of  each 
channel  were  stored  on  the  disk  and  a program  was  available  to  plot  the 
most  recent  power  spectrum  of  any  channel  on  the  Tektronix  terminal.  A 
second  plotting  program  was  available  to  plot  any  of  the  channels  versus 
time.  Both  programs  proved  very  useful  because  they  provided  a quick 
means  of  monitoring  both  the  operation  of  the  sensors  and  the  values  of 
the  parameters. 


AUTOMATIC  SHIP  NAVIGATION  SYSTEM 


The  ship  was  expected  to  be  operating  in  an  area  which  is  covered  by 
the  East  Coast  Loran  C net  where  reception  is  generally  good.  The  computer 
would  read  the  Loran  C receiver  every  minute  and  convert  the  readings  to 
latitude  and  longitude  and  log  this  position  on  magnetic  tape  and  on 
the  disk.  Every  15  minutes  the  computer  calculated  the  least  squares 
straight  line  fit  to  the  positions  stored  on  the  disk.  This  fit  was  used 
to  determine  the  ship's  speed  and  course  made  good  diiring  that  15  minute 
period.  These  smoothed  values  were  printed  on  the  line  printer  along  with 
data  from  the  various  sensors.  The  smoothed  speed  and  course  was  used  to 
derive  true  wind  from  the  relative  wind.  The  ship's  heading  (as  distinguished 
from  ship's  course  made  good)  Is  also  required  for  true  wind  calculations. 

The  interface  to  the  ship's  compass  was  not  functioning  properly  during 
this  cruise,  so  ship's  heading  was  manually  entered  at  suitable  intervals. 

Unfortxmately,  portions  of  the  actual  cruise  track  were  in  a marginal 
Loran  C area  and  problems  did  occur.  It  is  the  nature  of  Loran  C receivers 
that  noise  may  cause  the  receiver  to  lock  on  the  wrong  cycle  of  the  signal 
envelope.  (This  is  especially  likely  to  occur  during  radio  transmissions 
from  the  ship).  This  causes  readings  to  Jump  by  multiples  of  ten 
microseconds.  These  Jumps,  of  course,  result  in  position  errors  which 
show  up  as  discontinuities  in  the  ship's  track.  These  discontinuities 
were  not  detected  by  the  computer  during  the  cruise,  but  were  later  manually 
edited  out  of  the  data  to  obtain  a smoothed  track  and  corrected  navigation 
points. 
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FIGURE  2 

Real  time  plot  of  dry  and  wet  bulb  temperatures. 
Each  point  represents  an  individual  sample,  A 
new  sample  was  plotted  every  minute  throughout 
the  flight.  The  computer  "learned"  the  proper 
calibration  constants  by  a programmed  calibration 
procedure  prior  to  the  Flight , 
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Table  I - Marine  Fog  and  Navigational  Sensors  Interfaced 
with  the  Oceanographic  Computer 


HP  2323  Data  Acquisition  System  Channel 


0 

Positive  Ion  Conductivity 

1 

Negative  Ion  Conductivity 

2 

Electrostatic  Potential 

3 

Current  Density 

4 

Space  Charge  Density 

5 

Potential  Gradient 

6 

Vertical  Acceleration 

\ 

7 

Vertical  Velocity 

8 

Wind  Direction  1 

9 

Wind  Direction  2 

J 

10 

Fog  Conductivity 

11 

Air  Temperature 

12 

Dew  Point 

13 

Radiometer  Temperature 

14 

NRL  Visibility  Meter 

15 

Kytoon  Tension 

16 

Hot  Wire  Anemometer  1 

17 

Hot  Wire  Anemometer  2 

18 

Refractometer  1 

19 

Temperature  1 

20 

Refractometer  2 

21 

Temperature  2 

22 

Nephelometer 

23 

Scattering  Coefficient 

24 

Wind  Speed  ^ 

25 

Wind  Azimuth  > bivane 

26 

Wind  Elevation  J 

J 

Assignments 


1 /Second 


1/(3  Seconds) 


1 /Minute 


Table  I (Continued)  - Marine  Fog  and  Navigational  Sensors 
Interfaced  with  the  Oceanographic  Computer 


5 multiplexed  channels,  variable  rate 


Loran  C 

Radon  Counter  1 
Radon  Counter  2 

Knollenberg  Particle  Spectrometer 

Kytoon  Data 

Quartz  Thermometer 

Wind  Speed  Counter  1 

Wind  Speed  Coxmter  2 


1/Min 
1/Min 
1/(10  Min) 

32  channels,  1/Min 
4 channels,  variable  rate 
1/(48  Seconds) 

1/Min 


1/Min 
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REDUCED  DATA  FROM  CALSPAN'S  PARTICIPATION 
IN  THE  USNS  HAYES  CRUISE  OFF  THE  COAST  OF  NOVA  SOCTIA, 
20  JULY  - 12  AUGUST  19TS 
HY 

Eugene  J.  Mack,  Ulrich  Katz,  and  John  Y.  Yang 
February  1976 


INTRODUCTION 


A major  objective  of  Calspan's  participation  in  the  Summer  1975 
cruise  aboard  the  USNS  HAYES  was  to  obtain  data  describing  the  micro- 
meteorological  and  microphysical  characteristics  of  marine  fogs  occurring 
in  the  area  off  the  Southeast  coast  of  Nova  Scotia.  Calspan's  participation 
in  the  cruise  was  limited  to  the  period  from  departiire  at  Williamsburg, 
Virginia,  on  28  July  to  arrival  at  Halifax  on  12  August  1975.  The  cruise 
was  highly  successful,  having  encountered  approximately  l8  distinct  fog 
occurrences  and  logging  approximately  95  hours  of  observations  in  fog 
with  visibility  <5000  m,  including  65  hours  of  dense  fog  (visibility 
<1000  m).  The  major  portion  of  Calspan  data  obtained  during  the  cruise 
is  presented  in  this  volume  in  reduced  form  with  minimal  interpretation 
for  objective  use  by  other  participants  of  the  cruise.  The  remaining 
Calspan  data  on  surface  chemistry  were  acquired  under  a different 
contract  and  are  reported  separately. 


INSTRUMENTATION 


Calspan  instrumentation  mounted  aboard  the  HAYES  is  listed  in  Table  1. 

A li  m high  tower-platform  (I.5  x 1.8  m on  the  sides)  was  constructed  and 
installed  on  the  flying  bridge  to  provide  for  exposure  of  fog  microphysics 
instrumentation  adequately  above  the  level  of  ship's  influence.  The 
drop  sampler,  fog  water  collector,  air  sampling  apparatus,  and  visibility 
monitor  were  mounted  atop  the  tower.  The  base  of  the  tower  was  enclosed 
to  provide  shelter  for  the  nucleus  chambers  and  various  recorders. 

A specially-designed  vehicle,  housing  a temperature  sensor,  was  constructed 
from  a 0.5  m length  2.5  inch  pipe  and  towed  between  the  twin  hulls  of  the 
ship  to  provide  a continuous  measure  of  surface  water  temperature.  Air 
temperature  was  measured  at  three  heights  (7.5,  17  and  28  m)  above  the 
sea  sxirface  and  dew  point  temperature  was  monitored  at  two  levels  (17  and 
28  m) . 

During  the  cruise,  fog  was  encountered  almost  nightly  for  a ten-day 
period  beginning  on  2 August.  Visibility,  air  and  water  temperature,  and 
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dew  point*  were  monitored  continuously;  in  excess  of  Ij^O  raeai  ui’crner  tf  of 
drop  dize  distribution  and  over  l60  samples  of  fog  water  were  a'l  ;;o  obtair:i-d. 
Many  additional  samples  of  fog  water  were  provided  to  other  resera-chor;; 
participating  in  the  cruise.  Numerous  measurements  of  the  cloud  nucii-u'' 
spectriun  and  hi-vol  samples  of  atmospheric  aerosols  (for  chemical  Htiaiysis) 
were  also  acquired  during  periods  between  fog  events,  providing  data  on 
the  characteristics  of  the  air  masses  in  which  the  fogs  formed. 


Table  A-1 . 

CALSPAN  INSTRUMENTATION  INSTALLED  ON  USNS  HAYES,  AUGUST  197“; 

Height  Above 

Instrument*  Sea  Surface 


Temperature  Sensors  (Foxboro) 

Dew  Point  Sensors  (Foxboro) 
Forward  Scatter  Visibility  (EOJIG) 
Drop  Sampler  (Cal span) 

Fog  Water  Collector  (Cal  span) 

Air  Chemistry  (Hi-Vol  Sampler) 
Cloud  Nucleus  Chamber  fCalspar' 
Haze  Nucleus  Chamber  (Calspan) 


sea  surface,  T-S,  IT,  m 
IT,  r:R  m 
?1  m 
PC  m 
PO  m 
iP  m 
iP  m 
l8  m 


*Detailed  descriptions  of  individual  instruments  may  be  found  elsevhere  (o.g. , 
Mack  et  al.,  19T2,  A Field  Investigation  and  Numerical  Simulation  of  Coastal 
Fog;  and  Mack  et  al. , 19T3,  An  Investigation  of  the  MicrophysicaJ  and  Micro- 
meteorological  Properties  of  Sea  Fog). 


*Calspan  temperature  instrumentation  is  always  field  calibrated,  but  similar 
calibrations  for  dew  point  sensors  are  not  possible  in  the  field.  As  a 
result,  dew  point  temperatures  are  offset  from  air  temperature,  and  the  offr.iU 
increased  gradually  (due  to  instrument  drift)  with  time  througliout.  the 
duration  of  the  cruise.  However,  the  data  from  individual  .sensor:-  are  g. 'od 
to  approximately  C in  a.  relative  sense  over  periods  of  lu'urs,  and  we 

have  chosen  to  show  the  dew  point  data  in  terms  of  "relative  dew  point  We 
believe  that  in  very  dense  fog  (i.e.,  visibility-<v300  m)  saturated  condii  ions, 
exist,  and  therefore  the  dew  point  records  for  individual  fogs  should  be 
ad.}ur;ted  so  that  air  t.emperat-iu'e  and  dew  point  match  at  their  respect  ive 
heights  when  visibility  is  ^300  m.  Care  should  be  taken  in  making  this 
adjustment  because  visibility  was  measured  only  at  the  height  of  tlie  lowest 
dew  noint  sensor  (about  PO  m)  and  occasionally  fog  depth  did  not  extend  up 
to  the  level  of  the  upper  dew  point  sensor  (28  m). 
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THE  DATA 


Shiv's  Track 

Our  interpretation  of  the  position  of  ship's  track  throupihout  the 
11-day  portion  of  the  cruise  off  the  coast  of  Nova  Soctia  is  shown  in 
ft  modified  version  of  a plot  supplied  by  G.  Schacher  (Naval  rostp.raduate 
School)  in  Figure  A-1 . Our  exact  interpretations  of  ship's  track  are 
shown  in  later  figures  preceding  the  set  of  figures  for  each  fog  episode. 

On  Figure  A-1,  the  numbers  1 through  11  denote  ship's  position  at  the 
0000  (FDT)  hour  of  those  respective  days  in  August  1975- 

Sen  Surface  Temperature 

Our  continuous  record  of  sea  surface  temperature  was  transferred  to 
the  plot  of  ship's  track  by  picking  off  min-  and  max-  temperatures  from  the 
original  strip  chart  records.  These  data  were  then  isoplethed  to  provide 
the  chart  of  sea  surface  temperature  shown  in  Figure  A-2,  The  shaded 
areas  superimnosed  on  the  sea  surface  temperatiire  chart  represent  the 
portions  of  ship's  track  during  which  visibility  (at  the  21  m height)  was 
reduced  to  loss  than  1000  m. 

Fog  Numbering  System 

During  the  initial  analysis,  fog  events  were  numbered  consecutively, 
and  the  same  numbers  were  retained  (with  letters  of  the  alphabet)  for 
successive  encounters  with  what  was  thought  to  be  the  same  fog.  To  avoid 
confusion,  the  Calspan  fog  numbers  were  used  to  label  various  data  from 
that  portion  of  the  ship's  track  which  included  the  specific  fog  event. 

Figure  A-3  is  a reproduction  of  Figure  A-2  showing  the  fog  numbering  system, 
r.ater  interpretation  suggested  l8  separate  fog  occurrences  which  do  not 
precisely  coincide  with  the  numbering  system,  but  the  system  has  been 
retained  for  convenience.  The  separate  fog  occurrences  are  delineated 
in  Table  A-3. 

Cloud  Nucleus  Spectra 

Individual  measiurements  of  cloud  nucleus  spectra  obtained  with  Calspan 's 
static  thermal  diffusion  chamber  are  shown  in  Figure  A-h.  These  measurements 
were  obtained  during  "non-fog"  periods  in  the  ambient  air  masses  in  which 
fogs  later  formed.  Haze  nucleus*  concentrations  (not  shown  on  the  fi^re) 
were  typically  much  less  than  one  per  sensitive  volume  (i.e.,<<10  cm“^). 

Chemistry  of  Air  Mass  Aerosol 

Throughout  the  cruise,  hi-vol  samples  of  the  ambient  aerosol  were  col- 
lected over  approximate  8-hour  intervals  during  "non-fog"  periods,  if  possible 
in  the  air  masses  in  which  fogs  later  formed.  Some  indicated  samples  were 


*Haze  nuclei  are  m.easured  with  a modified  thermal  diffusion  chamber  and  are 
those  particles  which  grow  to  <»*'lym  at  9^%  RH. 
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unavoidably  obtained  during;  fop-  episodes;  and  except  for  minor  losses  due 
to  droplet  fallout,  these  sampi es  should  be  representative  of  the  ambient 
air  mass  characteristics. 

The  aerosol  particulate  samples  were  collected  on  li"  diametc-r  Tinsu- 
qxiartz  filters  (Pallflex  Corporation  2500  QAO).  Each  filter  disc  was  cut 
into  two  halves  and  digested  over  low  heat  in  two  mall  beakers,  cacti 
containing  20  ml  triple  distilled  water  and  adjustea  respectively  to 
alkaline  and  acid  pH  with  sodium  hydroxide  or  sulfuric  acid.  The  filter 
digestion  solution  was  then  filtered  under  suction  and  the  filtrate  reduced 
by  evaporation  to  10  ml.  Desired  analyses*  were  performed  with  aliquots 
of  the  individual  samples,  and  these  data  are  presented  in  Table  A-2. 


Chemistry  of  Fog  Water 

Dioring  the  cruise,  l68  discrete  7 ml  samples  of  fog  water  were  collecteii 
and  retained  for  later  analysis  at  Calspan;  many  additional  samples  were 
provided  to  other  researchers.  The  samples  were  obtained  at  the  20  rc  height 
(to  minimize  influence  by  sea  spray),  and  Individual  samples  were  collected 
over  periods  of  from  ^4  to  15  minutes  depending  on  fog  density. 

Initial  analyses  indicated  that  fog  water  chemistry  did  not  vary  sub- 
stantially within  individual  fogs  and  that  each  fog,  on  the  average,  was 
slightly  different  from  the  others.  The  remaining  samples  were  thiin  composited 
into  lit  groups  corresponding  to  l^t  of  the  l8  distinct  fog  occurrences  encoun- 
tered during  the  cruise.  These  data,  delineation  of  the  l8  fog  events,  and 
chemical  analysis  of  their  respective  fog  water  may  be  found  in  Table  A-3. 
(Quantities  of  fog  water  sufficient  for  chemical  analysis  were  not  obtained 
in  fogs  numbered  1,  3,  5,  and  15).  The  analysis  techniques  used  for  the 
ambient  aerosol  samples  were  also  iised  for  the  fog  water  samples. 


The  Micrometeorology  and  Mlcrophyslcs  of  the  Fogs 


For  analysis  purposes,  each  portion  of  the  ship's  track  which  included 
a fog  Penetration  was  given  a "Fog  Number".  To  the  extent  possible,  all  data 
acquired  during  each  fog  penetration  (including  those  outside  the  fog  boundar- 
ies) were  analyzed  and  computer  plotted.  These  data  are  provided  here  in 
groups  corresponding  to  the  fog  numbering  system  shown  in  Fif^ure  A-3.  Detailed 
plots  of  ship's  track,  including  the  5000  m visibility  boundaries  of  the  fog, 
visibility  as  a function  of  time  along  the  track,  air,  dew  point,  and  sea  sur- 
''ace  temperatures  along  the  track  and  drop  size  distributions**  obtained  :n  Un- 
fog  are  grouped  for  each  fog  pepqt.-rsti on  D 

through  A-97. 


* Metal  ion  analyses  were  performed  by  atomic  absorption;  cl^loruU-  and  ai.iu»iniuiu 
ion  analyses  were  performed  by  specific  ion  elect.rode;  and  sul  I'.'ite  ana  I, v 
wer"  performed  by  barium  perchlorate  titration  witii  Tluirin  i nd  i cal  iv  . 

**  ' ’mputed  values  of  drop  concentration  and  liquid  water  content  are  r'-ovide,; 
for  oacl.  drop  si-.e  distribution. 


The  computer  plots  are  annotated  with  pertinent  observations  and  an 
estimate  of  wind  direction  relative  to  the  ship's  heading.  The  wind  directions 
shown  are  our  estimates  based  on  data  provided  by  NRL  and  modified  by  our  own 
observations.  Because  of  uncertainties  in  the  precise  determination  of  shlp'r 
heading  and  spatial  and  temporal  changes  in  the  light  wind  patterns 
encountereii , the  winds  are  believed  good  only  to  ^30^. 
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Table  A-2.  CHEMICAL  ANALYSIS  OF  HI-VOL  AMBIENT  AEROSOL  SAMPLES  COLLECTED  OFF  THE  COAST  OF  NOVA  SCOTIA 
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NRL  CRUISE.  USNS  HAYES.  AUGUST  1975 

FIGURE  A-65.  RELATIVE  CEW  POINT  vs.  TI!€  -- 
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FIGURE  A-68.  AIR  AND  SEA  SURFACE  TBfERATURE 
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riRL  CRUISE.  USNS  HAYES.  AUGUST  1375 

FIGURE  A-96  VISIBILITY  vs.  TIfE  - 
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Naval  Postgraduate  School  Equipment  and  Data 
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Gordon  Schacher 

A twelve  foot  steel  tower  war.  installed  on  the  port  bow  of  the  rhip 
and  sensoi-s  were  installed  at  the  top  of  this  tower  and  on  the  fij-st 
level  o!'  the  ship's  mast.  The  mean  heights  of  these  two  levels  above 
the  sea  s\irface  are: 


bow  tower  12.2  m 

mast  23.9  m 

Tlie  following  parameters  were  measured  at  both  levels: 

humidity 
temperature 
horizontal  wind  speed 
temperature  fluctuations 
horizontal  wind  speed  fluctuation 

A sea  surface  temperature  sensor  was  installed  at  the  starboard  side  of 
the  ship  about  50  feet  forward  of  the  stern. 

In  addition  to  this  equipment  Jim  Russell  of  the  Naval  Avionics 
Facility  installed  wind  direction  sensors  and  microwave  refractometers 
at  both  levels.  This  allowed  us  to  obtain  wind  velocity  and  humidity 
fluctuations.  These  instruments  are  described  in  his  report. 

Details  of  the  equipment  used  for  the  measurements  are  as  follows: 

Humidity:  Hygrodynamics  Digital  II  using  a I5-I818  sensor.  The 

sensor  includes  a lithium  chloride  cell  and  a thermistor  so  that  relative 
humidity  and  temperature  are  simultaneously  measured.  This  temperature 
sensor  is  used  only  as  a monitor,  not  for  our  temperature  measurements. 
The  hiunidity  sensors  were  calibrated  using  four  standard  saturated 
solutions.  The  results  are  given  in  Table  1.  In  Figure  1 we  show 
calibration  curves  for  the  two  sensors  used. 


Solution 

Sensor 

True  HiMidity 

Hvimidity  Reading 

Error 

NaCl 

Bow 

75.6 

75.2 

- 0.1+ 

Tower 

75.6 

75.6 

0 

(NH  ) SO 

Bow 

80.1 

79.8 

- 0.3 

4 2 4 

Tower 

80.1 

80.0 

- 0.1 

KMO, 

Bow 

91.2 

90.1* 

- 0.8 

Tower 

91.2 

91.1 

- 0.1 

KgSOj, 

Bow 

96.7 

92.9 

- 3.8 

Tower 

96.8 

93.8 

- 3.0 

Table  1.  Humidity  sensor  calibrations 
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Temperatui-e  HewJett  Packard  Model  2801A.  The  sensor  is  a quartz 
crystal  whioli  is  the  frequency  control  in  an  oscillator  circuit,  the 
rouloiit  being  a frequency  counter.  The  accuracy  of  this  system  is 
O.Oi'^.  i’ea  surface  tempei-ature  is  measured  with  the  same  system. 

Both,  the  temperature  and  humidity  sensors  are  mounted  in  an  aspirator 
so  that  they  are  protected  from  the  weather,  while  maintaining  a flow 
of  air  over  them. 

Wind  Speed:  Thornwait  Model  101  Wind  Register  System.  The  cups 

used  in  this  system  are  extremely  light  and  can  respond  to  wind  as  slight 
as  one  hal  f kiiot . 

Temperature  F] actuations : Homemade  ac  Wheatstone  bridge,  with  TSI 

Model  1210  probes  with  platinum  wire  as  the  sensing  element.  The  low 
pow<“r  bri  ige  is  operated  at  35  uAinp,  the  resistance  element  is  approximately 
IjO  ()hjns,  thus,  the  power  dissipated  in  the  sensor  is  5 x 10“'  Watts.  Very 
low  power  is  used  so  as  to  insure  that  the  sensor  remains  at  ambient 
temperature.  The  wire  is  1.2  mm  in  length  and  2.5  V in  diameter,  and 
has  a time  constant  much  shorter  than  the  times  encountered  in  atmospheric 
temperature  fluctuations. 

Wind  Speed  Fluctuations:  TSI  Model  105^B  Anemometer  with  TSI  Model  1210 

probes  with  tungsten  wire  as  the  sensing  element.  The  tungsten  wire  is 
U.5  P in  diameter.  The  temperature  and  wind  speed  fluctuation  sensors 
are  mounted  on  vanes  to  keep  them  pointed  into  the  wind.  In  this  manner 
we  insure  that  the  turbulence  detected  is  not  affected  by  the  sensor 
support  structure.  Fluctuation  data  is  never  taken  unless  the  wind 
relative  to  the  ship  is  from  a favorable  direction  so  that  we  only  test 
air  that  is  unaffected  by  the  presense  of  the  ship. 

Data  Recording  Equipment : Fluctuation  data  is  recorded  on  magnetic 

tape  using  a lit  channel  tape  recorder.  In  order  to  correctly 
understand  the  mean  temperature  and  humidity  data  it  is  necessary  to 
describe  the  data  gathering  sequence  in  some  detail.  Temperature  and 
humidity  signals  go  to  a homemade  sequencer  which  steps  cyclically  from 
level  to  level  in  the  sequence:  sea  surface,  bow,  mast.  The  output  of 

the  sequencer  goes  to  a Hewlett  Packard  562AH  printer.  The  printer 
obtains  its  print  command  from  the  sequencer  and  prints  temperature  and 
humidity  simultaneously.  When  the  cycle  is  at  sea  surface  the  humidity 
print  out  is  zero  and  this  allows  us  to  identify  the  level  printed. 
Temperature  and  humidity  data  are  presented  in  Table  2.  Note  that  the 
temperature  data  was  recorded  by  the  shipboard  computer  after  1330  on 
August  7th.  The  computer-sequencer  interfacing  poses  some  special  problems. 
Th.e  sequencer  has  no  command  signal  available  to  tell  the  computer  when 
the  sea  .surface  level  is  being  recorded.  Thus,  in  order  to  correctly 
iiU-ntify  the  level  printed,  the  computer  and  sequencer  must  be  synchroii  i '.•.eU 
by  c.t.arting  the  computer  record  when  the  sea  surface  temperature  is  being 
presented.  It  is  possible  for  the  two  instruments  to  get  out  of 
synchronization  so  that  the  temperature  would  be  recorded  for  the  wrong 
level . 


iho 


Charts  of  the  ship's  position  in  the  Nova  Scotia  area  are  shown  in 
Figures  2 and  3.  These  charts  were  constructed  by  a combination  of  Loran 
C from  the  scientific  navigation  room,  the  ship’s  log,  radar  fixes,  Loran 
A from  the  bridge,  and  by  some  seat-of-the-pants  dead  reckoning.  It  had 
been  planned  to  use  only  the  Loran  C system  for  chart  preparation,  but  the 
area  below  Nova  Scotia  is  a poor  area  for  its  use  and  we  encountered 
difficulties.  For  constructing  the  chart,  the  computer  readout  of  the 
Loran  C fixes  was  primarily  used  up  until  Axigust  3rd.  From  this  point  on, 
the  chart  was  constructed  by  comparing  the  computer  readout  with  radar 
fixes  and  the  ship's  log  of  the  times  at  which  course  changes  were  made, 
using  the  ship's  speed.  The  second  chart.  Figure  3,  which  is  of  the 
Grand  Banks  area,  was  made  entirely  from  the  ship's  log  and  the  bridge 
charts.  It  is  easily  seen  that  the  two  charts  don't  quite  fit  together. 

No  attempt  has  been  made  to  correct  this.  The  data  used  from  the  bridge 
log  in  constructing  the  charts  is  shown  in  Table  3.  Note  that  the  ship's 
log  is  on  local  time  and  all  charts  and  data  are  logged  with  respect  to 
Eastern  Standeird  Time.  There  was  a time  zone  change  on  August  7th. 

Table  3.  Data  from  the  Ship's  Log  ixaed  in  Chart  Preparation 


8/2/75 

Positions 

0800 

1*2°56'  , 62°26' 

1200 

lt3°2U',  63°lU’ 

2000 

^3°59',  63°U2' 

0010  Change  course  to  060° 

0035  Engines  slow 
0055  Resume  speed 
0830  Change  course  to  299° 

0900  Change  course  to  300° 

1009  Change  course  to  301° 

1300  Ship  stopped 
15^+5  Full  ahead  at  280° 
1620  Change  course  to  300° 

1705  Change  cotirse  to  287° 

1805  Change  course  to  060° 

2ll*8  Change  course  to  2U0° 

2315  Change  course  to  180° 


1 8/3/75 

Positions 

0800 

U3°37',  63°57’ 

1200 

ltlt°02',  63°30' 

[ 

2000 

ltU°53',  61°22' 

0I+05 

Change 

course  to  3^5° 

0901 

Change 

course  to  060° 

1615 

Change 

course  to  06U° 

1 

2120 

Reduce 

speed  (95  rpm) 

2210 

Change 

course  to  19**° 

» 

2230 

Resume 

speed  (125  rpm) 

8/^/T5  Positions 


0800 


1 


kk°28'  62°0k' 


1200 

l*it°20',  62°lit 

2000 

ltl*°12',  62°31 

0210 

Change 

course 

to 

192° 

0l»02 

Change 

course 

to 

310° 

08!+0 

Change 

course 

to 

100° 

09U9 

Ship  stopped 

1030 

Full  ahead 

1035 

Change 

course 

to 

270° 

1500 

Change 

course 

to 

180° 

1550 

Change 

course 

to 

270° 

1630 

Ship  stopped 

1650 

Resume 

speed 

180° 

2055 

Change 

course 

to 

2300 

Ship  stopped 

2320 

Resume 

speed 

Positions 

0800 

l43°52',  61*°08 

1200 

1+1*011',  63°10 

2000 

1+1*052',  6l°06 

0230 

Change 

course 

to 

300° 

07lt5 

Change 

course 

to 

060° 

0920 

Change 

course 

to 

055° 

1017 

Change 

course 

to 

062° 

13li0 

Change 

course 

to 

075° 

1U12 

1500 

2110 


Decrease  speed  to  8 knots 
Change  course  to  062°,  resume  12  knots  speed 
Change  course  to  06h° 


8/6/75  Positions 


0200 


lUlO 

1530 

17»*5 

2115 

2220 


0800 

1*1*01*6',  60052' 

1200 

1*1*°20'  , 6l°5l*' 

2000 

1*1*028',  62029' 

to  1800 

to  2l+2° 
to  2l+0° 
to  21*20 
to  060° 
to  062° 
to  061*o 

• 

lb2 


L- 


8/7/T5  Positions 


0800  1*5°06',  59°16' 


0200 

lUlO 

1510 

1850 

1900 

1930 

2015 

2032 

2215 

22U5 


Cheinge  course 
Chemge  course 
Change  course 
Change  course 
Reduce  speed 
Reduce  speed 
Ship  stopped 
Resume  speed 
Change  course 
Change  course 


1200 

1+5005',  58°06 

2000 

1+5°20'  , 56011 

to  90° 

to  88° 

to  86° 

to  0° 

(110  rpm) 
(100  rpm) 


CO  270*^ 

to  180° 


Advance  clocks  20 
min.  at  0100,  0500, 
and  1100  going  into 
new  time  zone. 


8/8/75 


8/9/75 


Positions 


0610 

Change 

course 

061+0 

Change 

course 

I3I+5 

Change 

course 

III+5 

Change 

course 

1808 

Change 

course 

1850 

Change 

course 

2200 

Change 

course 

2300 

Change 

course 

Positions 


0210  Change  course 
0310  Change  course 
OU55  Change  course 
0550  Change  course 
120il  Change  course 
15^5  "change  course 


0800 

J+l*oi49',  56010' 

1200 

1+5°21’,  56OII' 

2000 

1+5°17',  56°33' 

to  090O 
to  QO 
to  2700 
to  1800 
to  270O 
to  0° 
to  2700 
to  I80O 

0800 

1+1+°58',  56°56' 

1200 

l+5°35',  5601+5 ' 

2000 

1+1+051* ',  56011’ 

to  1820 

to  180° 

to  270° 
to  0° 

to  090° 

to"  isS® 

8/10/75  Positions 

0800 

1+3°1+6'  , 

56032' 

1200 

1*1* °23’  , 

56°36' 

2000 

I+501O'  , 

57°00' 

11*3 


I 


8/10/75 


0l»50 

Change 

course 

to 

270° 

06U5 

Change 

course 

to 

0° 

1135 

Change 

course 

to 

002° 

1210 

Change 

course 

to 

002° 

lUlO 

Change 

course 

to 

005° 

1510 

Change 

course 

to 

360° 

1728 

Change 

course 

to 

263° 

1728 

Change 

course 

to 

265° 

Sea  Surface  Temperature 

Charts  showing  the  recorded  sea  surface  temperature  for  one  half 
hour  intervals  ai'e  presented  in  Figures  U and  5-  From  the  data  shown 
on  Figure  i)-  we  see  that  the  temperatures  recorded  at  the  same  location 
on  different  days  were  in  quite  good  agreement.  Note  that  on  one  leg  of 
the  pattern  sailed  by  the  ship  we  indicate  that  incorrect  readings  were 
obtained.  We  obtained  temperatures  that  were  much  too  low  because  of  a 
malfunction  in  the  equipment.  In  addition,  there  are  five  temperatures  on 
the  plot  that  are  circled  because  they  could  not  be  included  in  constructing 
isotherms.  (isotherm  charts  are  available  from  G.  Schacher,  NFS)  The  data 
from  the  Grand  Banks  area  shows  a different  temporal  behavior  than  tiiat  from 
just  below  Nova  Scotia.  As  can  be  seen  from  Figure  5>  the  temperatures 
recorded  for  the  same  location  were  not  the  same  at  different  times.  It 
appears  that  the  average  sea  surface  temperature  increased  by  about  one 
degree  while  we  were  in  the  area. 

Times  When  Errors  Occurred  in  Pat a 


There  were  times  during  the  cruise  when  parts  of  the  equipment  were 
known  to  be  either  inoperative  or  operating  incorrectly.  These  periods  are 
listed  for  reference  below. 

7/29/75  The  temperature  values  recorded  may  have  been  0.6°C  low  all 
day  due  to  loading  of  the  quartz  thermometer  readout  by  the 
computer  line.  Line  removed  at  2000  and  values  correct  after 
that  time. 


7/31/75  1100  Had  to  replace  bow  level  wind  cups 

8/02/75  0900  Replace  lamp  in  mast  wind  cups 

I 0'^'^  cues  givipg  int.prTTn'ttnnt  readings 

8/Oi4/75  0100  Note  that  mast  wind  cups  are  out 

]1»00  Gen  surface  temperature  unit  out 
Both  level  wind  cups  still  out 


8/05/75 


0830  Sea  surface  temperature  repaired  and  working 
0830  Wind  cups  fixed  on  both  levels 


Ihb 


Table  2 


Temperature  and  humidity  as  a function  of  time.  Values  are  giver,  every 
half  hour,  and  are  available  every  2.5  min.  The  code  at  the  right  hand 
side  of  the  table  shows  the  times  at  which  turbulence  records  were  taken. 


Time 


T 

s 


7/29 

1330 

25.21 

1400 

- 

1430 

25,37 

1500 

- 

1530 

- 

1600 

24.50 

1630 

25.34 

1700 

25,32 

1730 

25.25 

1800 

25.04 

1830 

- 

1900 

25.44 

1930 

25.50 

2000 

25.70 

2030 

- 

2100 

25.79 

2130 

25.34 

2200 

25.30 

2230 

23.67 

2300 

23.35 

2330 

23.30 

7/30 

0000 

23.17 

0030 

23.29 

0100 

23.17 

0130 

23.31 

0200 

23.54 

0230 

23.98 

0300 

22.57 

0330 

23.91 

0400 

23.98 

0430 

23.89 

0500 

23.76 

25.20 

25.20 

85.6 

- 

- 

86.1 

- 

25.37 

85.9 

- 

- 

85.3 

- 

•• 

84.4 

24.54 

24.54 

84.6 

25.34 

25.37 

84.7 

25.30 

25.25 

85.0 

25.20 

25.24 

86.2 

25.05 

25.04 

87.9 

- 

- 

87.0 

25.47 

25.44 

86.9 

25.45 

25.45 

87.4 

25.71 

25.71 

89.1 

25.79 

25.79 

88.4 

25.34 

25.33 

88.3 

25.31 

25,30 

88.1 

23.66 

23.66 

91.0 

23.34 

23.34 

91.5 

23.29 

23.28 

89.2 

23.17 

23.17 

72.2 

23.25 

23.28 

69.8 

23.15 

23.16 

67.3 

23.31 

23.32 

61.9 

23.54 

23.54 

63.4 

23.97 

23,99 

66.0 

22.56 

22.56 

86.2 

23.90 

23.90 

74.0 

23.98 

23.98 

61.7 

23.87 

23.87 

65.7 

23.75 

23.74 

62.0 

luC" 


f 

I 


k 

k 

! 


Time 

T 

T, 

T, 

H, 

H, 

s 

1 

2 

1 

2 

' 

0530 

23.73 

23.73 

23.74 

65.3 

64  .6 

0600 

23.80 

23.80 

23.81 

65.8 

65.7 

0630 

24.09 

24.09 

24.08 

69.9 

- 

0700 

23.73 

23.72 

23.72 

72.0 

70.6 

0730 

- 

23.17 

23.17 

73.9 

72.2 

0800 

23.23 

23.24 

74.2 

72.4 

0830 

21.93 

21.92 

21.93 

72  .8 

71.3 

0900 

21.84 

21.84 

21.84 

74.7 

73.5 

0930 

- 

20.31 

- 

84.1 

79.9 

1000 

19.76 

20.60 

- 

78.2 

75.9 

1030 

21.14 

21.13 

21.16 

77.8 

75.6 

1100 

21.97 

21.97 

21.98 

78.1 

75.9 

1130 

21.40 

21.33 

21.52 

73.8 

72.6 

1200 

21.38 

21.37 

21.37 

73.8 

72.6 

1230 

20.88 

20.85 

20.88 

74.5 

73.3 

1300 

20.74 

20.71 

20.71 

76.2 

74.3 

1330 

21.12 

20.72 

20.67 

71.8 

70.9 

1400 

21.23 

21.17 

21.33 

71.1 

70.3 

1430 

19.72 

20.13 

19.83 

71.6 

71.5 

1500 

22.20 

22.14 

21.97 

64.0 

65.1 

1530 

20.76 

20.65 

21.00 

68.7 

69.6 

1600 

21.04 

21.11 

20.98 

74.4 

75.2 

1630 

19.74 

19.84 

19.40 

74.3 

75.3 

1700 

18.42 

18.88 

18.96 

78.7 

76.1 

1730 

19.94 

19.93 

19.90 

79.5 

79.8 

1800 

- 

- 

- 

- 

- 

1830 

- 

- 

- 

- 

- 

1900 

15.59 

15.51 

15.64 

88.9 

88.5 

2200 

16.49 

16.49 

16.48 

90.0 

90.3 

7/31 

1100 

10.02 

13.90 

14.94 

95.3 

90.7 

Ui7 


1 


Tino 

T 

^2 

«2 

— 

1130 

9.09 

n.3o 

- 

93.8 

92.7 

o 

o 

- 

- 

- 

- 

- 

1230 

- 

- 

- 

- 

- 

1300 

11.17 

13.00 

- 

93.2 

92.4 

1330 

11. 2B 

13.56 

14 . 09 

93.4 

92.5 

lo  JO 

13.43 

14.85 

. 15.03 

92.0 

92.4 

31-1 

1700 

13.73 

14.32 

14.58 

92.5 

93.4  ' 

1730 

14.19 

14.97 

15.54 

93.4 

91.9 

J800 

14.09 

- 

15.83 

92.2 

91.0 

1830 

12.78 

14.76 

15.28 

92.5 

91.9 

31-2 

1900 

11.89 

- 

15.70 

93.0 

90.6 

1930 

11.45 

14.38 

15.25 

92.2 

92.0 

2000 

15.52 

16.06 

16.17 

94.8 

92  .2 

2030 

17. G9 

17.16 

17.21 

92.5 

91.0 

31-3 

2100 

19.96 

17.52 

17.42 

91.5 

90.4 

2130 

17.25 

17.90 

18.00 

81.1 

87  .8 

2200 

17.34 

17.24 

17.31 

90.8 

90.4 

2230 

21.00 

18.36 

18.08 

89.5 

89.0 

31-4 

2300 

20.55 

18.44 

18.43 

8G.9 

86.8 

31-5 

2330 

20.78 

18.01 

17.93 

88.9 

ee.9 

31-6 

8/1 

0000 

20.17 

18.42 

18.36 

80.9 

86.6 

0030 

19.63 

18.56 

18.50 

06.8 

86.6 

1-1 

0100 

16.32 

16.68 

16.99 

88.5 

88.5 

0130 

15.28 

16.18 

16.53 

91.3 

90.7 

0200 

14.65 

15.91 

16.53 

91.2 

89.0 

1-2 

0230 

15.54 

16.18 

16.51 

90.1 

88.0 

0300 

15.36 

16.20 

16.50 

90.0 

87.3 

1-3 

0330 

- 

- 

- 

- 

- 

0400 

- 

- 

- 

- 

- 

0430 

16.35 

16.39 

16.53 

77.6 

74.5 

1-4 

0500 

15.83 

16.32 

16.64 

75.4 

70.3 

0530 

14.89 

16.15 

16.55 

74,6 

72.1 

1-5 

U8 


L 


Time 


T 


Time 

T 

s 

0900 

9.41 

12.91 

14.94 

77.6 

72.3 

1-6 

0930 

9.17 

12.32 

14.38 

§13.9 

75.8 

1000 

9.32 

12.90 

15.33 

82.9 

76.4 

1030 

9.15 

12.70 

15.08 

84.1 

79.5 

1100 

8.47 

13.75 

15.23 

81.1 

76.2 

1130 

10.21 

13.62 

14.95 

83.8 

77.9 

1200 

11.06 

13.46 

14.42 

84.0 

79.0 

1-7 

1230 

11.74 

13.35 

13.98 

85.6 

80.5 

1300 

12.12 

13.60 

14.22 

84.9 

79.2 

1330 

11.70 

13.80 

14.45 

84.1 

79.5 

1400 

12.66 

- 

14.04 

83.6 

79.9 

1-8 

14  30 

12.51 

13.74 

13,75 

85.3 

82.6 

1500 

10.97 

13.47 

13.58 

86.6 

85.9 

1530 

11.58 

13.67 

13.70 

86.2 

65.3 

1600 

11.30 

13.03 

13.38 

86.1 

83.9 

1630 

10.75 

12.87 

14.25 

85.9 

79.7 

1-9 

1700 

9.30 

12.96 

14.66 

88.0 

81.2 

1730 

9.85 

13.63 

14  .50 

90.5 

85.2 

1800 

13.61 

13.14 

14.33 

39.1 

85.6 

1830 

13.55 

14.08 

14.40 

87.6 

85.0 

1900 

- 

14.07 

14.30 

87.3 

84.9 

1-10 

2000 

12.85 

13.42 

13.53 

89.6 

88.1 

1-11 

2030 

12.66 

12.49 

12.59 

89.7 

87.7 

2100 

13.18 

13.49 

13.65 

88.8 

86.4 

2130 

13.26 

13.69 

13.76 

90.3 

89.1 

2200 

12.93 

14.16 

14.18 

88,0 

85.6 

2230 

15.10 

14.59 

14,55 

87.3 

86.4 

2 300 

17.40 

15.50 

15.35 

83.2 

81 .9 

2330 

17.44 

J5.28 

15.26 

85.9 

85.2 

8/2 

0000 

16.24 

15.52 

15.52 

85.3 

83.7 

0030 

12.98 

15.60 

15.81 

85.8 

85.2 

i 


Time 

T 

s 

^2 

*'l 

»2 

' 

0100 

14.80 

16.04 

16.02 

86.2 

85.0 

0130 

13.78 

16.26 

16.21 

83.6 

82.6 

0200 

13.11 

16.08 

16.06 

83.5 

82  .9 

0230 

9.25 

14.77 

14.81 

87.7 

86.6 

0300 

10.08 

14.71 

14.68 

83.8 

82.1 

0330 

10.91 

14  .27 

14.21 

86.4 

84.5 

0400 

9.42 

14  .92 

14.84 

82.1 

81.4 

0430 

6.08 

15.59 

15.60 

84.9 

84.2 

0500 

9.15 

16.15 

15.83 

87.3 

86. 3 

0530 

8.02 

16.57 

16.49 

82,1 

81.4 

0600 

7.75 

16.66 

16.58 

81.6 

80.7 

0630 

7.24 

16.36 

16.40 

83.9 

83.6 

0700 

8.73 

15.74 

15.76 

88.2 

88.2 

0730 

9.33 

15.86 

15.80 

88.2 

88.4 

0800 

10.28 

16.14 

16.09 

86.3 

86.2 

0830 

10.02 

16.24 

16.35 

84.2 

83,7 

0900 

10.80 

16.17 

16.40 

83.9 

83.2 

0930 

17.01 

16.02 

16.22 

85.8 

85.3 

1000 

16.75 

15.90 

16.22 

83.3 

82.3 

1030 

15.65 

15.97 

15.88 

84.2 

82.0 

1100 

15.76 

15.83 

15.84 

86.7 

84.9 

1130 

15.30 

15.67 

15.69 

87.7 

85.9 

1200 

13.33 

15.57 

15.95 

87.6 

64.3 

1230 

11.95 

13.78 

14 . 36 

87.7 

83.8 

1300 

12.09 

13.45 

14.09 

87.0 

83.1 

13  30 

10.48 

13.B2 

14.52 

88.6 

86,7 

1400 

10.83 

13.97 

15.17 

88.2 

86.8 

14  30 

10.93 

14.63 

15.37 

84.5 

86.1 

1500 

10.44 

13.70 

15.60 

88.5 

88.1 

1530 

10.39 

13.50 

15.53 

90.0 

90.9 

1600 

10.60 

13.60 

14.50 

90.8 

87.2 

1630 

11.42 

13.53 

14.48 

91.9 

89.7 

1700 

12.11 

14.26 

15.22 

91.2 

88.1 

1730 

11.80 

14.62 

16.08 

91.7 

87.4 

w 


1= 

« 


Time 

T 

T, 

H, 

s 

1 

2 

1 

2 

1300 

11.42 

13.71 

15.39 

92.1 

88.2 

2-3 

; 

1830 

- 

- 

- 

- 

- 

1900 

10.64 

13.28 

13.87 

93.1 

92.2 

1930 

10.86 

12.62 

13.44 

94.0 

93.9 

2-4 

2000 

10.72 

12.55 

13.20 

95.6 

95.2 

2030 

10.89 

14.09 

14.75 

96.8 

97.1 

2100 

10.67 

13.97 

14.37 

96.8 

96.9 

2-11 

2130 

14.12 

14.20 

14.39 

96.6 

96.4 

i 

i 

2200 

14.38 

14. 2C 

14.33 

96.3 

96.3 

! 

2230 

11.12 

13.78 

14.55 

95.7 

96.2 

2-15 

\ 

i 

2300 

9.96 

13.09 

14.09 

96.2 

95.4 

f 

2330 

10.31 

12.49 

14.45 

96.6 

95.6 

2-21 

1 

8/3 

f 

0000 

9.73 

13.10 

14.69 

97.1 

95.1 

3-1 

■ 

: 

0030 

10.37 

13.65 

15.02 

97.1 

94.9 

i 

0100 

11.18 

13.64 

15.06 

97.0 

93.0 

I 

0130 

10.47 

13.41 

14.69 

96.9 

93.7 

3-2 

i 

0200 

10.52 

13.43 

14.88 

96.9 

93.2 

3-3 

1 

0230 

12.20 

13.59 

14.48 

97.1 

95.8 

3-4 

i 

0300 

10.76 

13.54 

15.03 

96.8 

96.4 

3-5 

0330 

13.36 

14.39 

14.80 

96.3 

93.5 

\ 

0400 

12.73 

14.24 

14.64 

95.0 

93.7 

0-130 

14.09 

14.41 

14.86 

94.1 

91.0 

\ 

0500 

12.54 

14.03 

14.62 

93.8 

91.9 

! 

0530 

12.26 

13.63 

13.58 

95.1 

94.0 

' 

0600 

11.67 

13.40 

14.23 

95.1 

91.9 

0630 

13.72 

14.38 

15.28 

94.1 

90.4 

i ^ 

0700 

14.54 

14.45 

14.85 

92.7 

89.9 

V 

i, 

0730 

11.15 

13.59 

14.12 

90.8 

88.9 

fi 

0800 

9.56 

13.26 

14.56 

90.9 

87.8 

3-6 

i 

f ' 

0830 

10.41 

12.80 

13.37 

92.5 

92.6 

1 

0900 

10.13 

11.56 

11.70 

92.4 

92.1 

li 

0930 

10.56 

11.58 

11.90 

95.2 

93.9 

t 

1000 

11.20 

12.49 

13.34 

96.0 

94.2 

f ' 

1030 

10.82 

13.10 

14.09 

95.0 

92.1 

h 

1100 

11.99 

13.31 

14.01 

95.4 

92.7 

i I 


Time 

T 

s 

^1 

^2 

«2 

1130 

13.59 

1 3 . 7B 

14.03 

96.2 

95.1 

3-8 

1200 

13.35 

14 .04 

14.45 

96.1 

93,9 

3-9 

12  30 

13.44 

13.90 

14.18 

95.2 

94.2 

3-10 

1300 

13.83 

14.12 

14.53 

94.6 

93.0 

1330 

12.25 

14.12 

14.53 

94.6 

93.0 

1400 

14.31 

14.42 

14.05 

93.5 

91.4 

3-11 

1430 

14.35 

14.54 

14.98 

92.0 

89.8 

3-12 

1500 

14.08 

14.31 

14.72 

91.5 

90.5 

1530 

11.82 

13.53 

13.9C 

93.1 

92.8 

3-13 

1600 

12.84 

13.50 

13.80 

95.2 

94.7 

1630 

13.30 

13.53 

13.72 

96.0 

95.3 

1700 

11.40 

12.96 

13.50 

95.9 

94.4 

3-19 

1730 

11.23 

13.41 

13.85 

96.4 

95.0 

3-20 

1800 

11.74 

13.60 

13.91 

96.8 

95.0 

3-21 

1830 

11.92 

13.64 

13.93 

96.9 

95,1 

1900 

12.11 

13.74 

13.97 

96.7 

95.7 

1930 

12.74 

13.76 

13.95 

96,8 

95.8 

3-22 

2000 

11.20 

14.03 

14.33 

96.5 

95.7 

J-23 

2030 

12.96 

14.43 

14.67 

96.9 

95.7 

3-24 

2100 

13.67 

14.65 

14.86 

96.9 

94.9 

3-25 

2130 

12.50 

14.76 

14.96 

96.4 

94.4 

2200 

14.04 

14.88 

15.09 

96.6 

94.1 

3-26 

2230 

14.73 

15.03 

15.06 

96.1 

95.6 

3-27 

2300 

16.14 

15.26 

15.22 

96.2 

96.0 

3-28 

2330 

15.91 

15.42 

15.39 

96.0 

96.2 

8/4 

0000 

16.06 

15.43 

15.43 

95.9 

95.7 

3-29 

0030 

15.29 

15.54 

15.51 

95.7 

95.8 

OJOG 

16.19 

15.68 

15.65 

96.1 

96.1 

4-1 

0130 

16.76 

15.78 

15.80 

96.2 

95.6 

4-2 

0200 

16.08 

15.95 

15.90 

96.1 

96.3 

0230 

16.68 

16.07 

16.02 

95.9 

95.8 

4-3 

030U 

16.60 

16.10 

16.04 

95.5 

95,8 

0330 

15.88 

15.98 

15.93 

95.3 

95.7 

0400 

14.96 

15.78 

15.88 

95.0 

95.4 

152 


Time 


— 

— 

— 

— 

— 

— ^ 

0430 

14.91 

15.55 

15.61 

95.2 

95.4 

0500 

15.31 

15.21 

15.41 

95.1 

95.7 

0530 

14.12 

14.99 

15.15 

95.6 

95.8 

0600 

15.73 

15.59 

15.61 

96.0 

96.0 

4-4 

0630 

14.05 

15.42 

15.51 

96.0 

96.0 

0700 

11.47 

13.25 

14.15 

94.7 

93.9 

4-5 

0730 

10.71 

12.24 

13.17 

95.4 

94.2 

4-7 

0800 

10.90 

12.63 

13.22 

96.4 

95.3 

4-8 

0830 

12.36 

12.93 

13.45 

96.8 

94.2 

0900 

12.61 

12.95 

13.25 

96.8 

94.0 

4-13 

0930 

10.20 

12.69 

13.30 

97.0 

93.9 

1000 

9.33 

12.78 

13.55 

97.0 

93.0 

4-14 

1030 

9.77 

13.22 

13.16 

96.0 

95.8 

1100 

11.52 

12.86 

13.37 

96.2 

95.3 

1130 

12.23 

13.36 

13.68 

96.4 

94.6 

4-15 

1200 

12.26 

13.80 

13.93 

96.2 

94.6 

1230 

12.22 

13.37 

13.70 

96.4 

93.2 

1300 

12.35 

13.00 

13.36 

96.4 

92.8 

4-16 

1330 

10.31 

12.47 

13.05 

96.7 

92.3 

1400 

10.67 

12.43 

13.00 

97.6 

92.7 

4-17 

1430 

- 

13.37 

13.71 

97.4 

94.2 

4-18 

1500 

- 

15.12 

15.20 

97.2 

94.9 

1530 

- 

15.31 

15.31 

96.4 

95.1 

8/5 


0830 

10.45 

13.13 

14.11 

96.7 

92.2 

0900 

11.25 

13.01 

13.01 

96.5 

93.2 

0930 

10.00 

13.00 

14.70 

95.8 

89.8 

1000 

10.50 

13.02 

13.03 

96.3 

89.9 

5-1 

1030 

10.54 

14.51 

14.41 

96.8 

89.9 

5-2 

1100 

13.01 

14.44 

15.47 

95.4 

87.7 

1130 

13.45 

J'‘.21 

15.51 

94.0 

88.1 

5-3 

1200 

14.00 

15.43 

15.40 

93.1 

89.9 

5-4 

1230 

13.42 

15.41 

15.45 

91.6 

91.1 

1300 

14.20 

15.41 

15.44 

153 

91.7 

91.8 

Time 


1330 

14.55 

14.13 

14.25 

90.2 

90.5 

1400 

12.50 

- 

- 

- 

- 

1430 

11.20 

- 

- 

- 

- 

1500 

11.45 

15.55 

14.01 

85.2 

82.8 

1530 

11.47 

14.75 

15.44 

88.7 

88.9 

1600 

12.42 

15.24 

15.57 

90.9 

90.2 

5-6 

1630 

12.54 

15.55 

15.52 

86.8 

87.1 

1700 

11.45 

15.50 

- 

38.3 

87.3 

5-7 

1730 

12.57 

15.17 

15.05 

87.5 

88.4 

5-8 

1800 

13.03 

14.44 

15.04 

89.5 

90.2 

1830 

10.32 

15.04 

15.05 

90.0 

90.2 

5-9 

1900 

16.30 

16.17 

16.12 

89.0 

89.3 

1930 

16.02 

16.20 

16.20 

89.8 

89.9 

2000 

15.67 

16.29 

16.26 

89.9 

90.6 

5-10 

2030 

16.87 

16.62 

16.56 

90.5 

91.3 

2100 

16.49 

16.86 

16.89 

89.7 

90.3 

5-11 

2130 

16.19 

16.83 

16.83 

90.1 

90.8 

6/6 


0030 

19.98 

15.88 

15.96 

95.2 

94.9 

6-1 

0100 

16.06 

15.85 

15.98 

95.4 

94.9 

0130 

16.00 

16.00 

16.07 

96.0 

95.3 

6-4 

0200 

15.97 

15.92 

16.01 

95.9 

95.2 

6-5 

0230 

15.63 

15.64 

15.81 

96.2 

96.8 

0300 

15.46 

15.45 

15.69 

96.5 

97.4 

6-9 

0330 

15.94 

15.88 

15.87 

96.3 

97.0 

6-10 

0400 

15.80 

15.89 

15.94 

96.3 

96.7 

0430 

15.90 

15.60 

15.72 

96.5 

96.4 

6-11 

0500 

15.37 

15.63 

15.77 

96.4 

96.4 

0510 

15.38 

15.52 

15.65 

96.6 

96.6 

6-12 

0600 

14.77 

15.60 

15.70 

96.6 

96.9 

0630 

14.68 

14.69 

15.57 

96.7 

96.6 

6-13 

0700 

14.64 

15.73 

15.94 

96.6 

96.9 

6-14 

0730 

16.00 

16.16 

16.28 

96.6 

96.9 

6-15 

0800 

16.36 

16.56 

16.57 

96.4 

96.5 

r 


Tine 

T 

s 

*1 

^2 

”l 

»2 

~ 

0830 

16.71 

16.83 

16.85 

96.2 

95.7 

6-16 

0900 

16.48 

16.74 

16.83 

94.7 

96.1 

6-18 

0930 

16.76 

16.75 

16.86 

95.0 

95.4 

1000 

17.08 

17.09 

17.13 

95.2 

94.9 

6-19 

1030 

16.20 

16.92 

16.83 

93.5 

92.6 

6-22 

1100 

16.60 

16.97 

16.94 

90.8 

90.9 

1130 

16.07 

15.51 

15.88 

89.0 

89.9 

1200 

14.07 

14.79 

15.27 

89.2 

90.6 

6-23 

1230 

16.76 

16.60 

16.33 

90.6 

90.7 

1300 

16.29 

17.33 

17.63 

87.4 

87.6 

1330 

16.26 

17.01 

17.19 

88.0 

•8.1 

1400 

17.00 

17.47 

17.73 

88.6 

87.4 

1430 

16.70 

17.22 

17.92 

87.9 

96.9 

1500 

17.45 

17.39 

17.80 

87.0 

85.6 

1530 

16.89 

18.81 

19.41 

85.1 

82.9 

1600 

17.33 

17.91 

18.51 

86.4 

85.1 

1630 

16.02 

17.24 

17.55 

88.7 

87.9 

6-24 

1700 

15.26 

17.53 

17.44 

89.5 

89.4 

1730 

15.72 

17.05 

17.03 

90.0 

90.3 

6-25 

1800 

15.73 

16.79 

16.98 

90.7 

92.0 

1830 

14.79 

16.37 

16.40 

90.7 

92.2 

1900 

15.19 

16.50 

16.69 

92.2 

93.1 

6-26 

1930 

14.62 

15.85 

16.41 

92.9 

94.1 

6-28 

2000 

15.51 

15.84 

15.95 

93.6 

94.6 

2030 

14.69 

15.59 

15.70 

93.1 

94.1 

6-29 

2100 

14.12 

15.27 

15.41 

93.5 

94.5 

2130 

14.93 

15.33 

15.36 

92.2 

94.1 

2200 

15.90 

15.67 

15.64 

93.9 

94.8 

6-30 

8/7 

0100 

16.80 

16.84 

16.83 

93.9 

95.1 

0130 

17.12 

17.13 

17.18 

91.5 

92.2 

0200 

17.24 

17.08 

17.07 

90.8 

91.3 

r 


Time 

T 

s 

^1 

^2 

" " 

■ 

0230 

16,90 

17.47 

17.43 

92.7 

94.0 

0300 

17.06 

17.20 

17.13 

94.4 

95.8 

0330 

15.55 

16.90 

16.89 

95.3 

96.3 

7-1 

0400 

15.65 

16.32 

16.47 

95.7 

96.9 

7-2 

0430 

16.06 

16.16 

16.15 

96.1 

97.1 

7-3 

0500 

16.24 

16.11 

16.08 

96.2 

97.1 

7-4 

0530 

16.49 

15.81 

15.79 

96.4 

97.2 

7-5 

0600 

16.47 

15.93 

15.91 

96.5 

97.3 

0630 

16.55 

16.16 

16.15 

96.5 

97.4 

0700 

16.26 

16.34 

16.35 

96.6 

97.3 

7-10 

0730 

16.22 

16.49 

16.57 

96.6 

96.4 

7-11 

0800 

16.32 

16.52 

16.73 

96.5 

96.4 

7-12 

0830 

16.40 

16.56 

16.55 

96.9 

95.9 

7-13 

0900 

16.62 

16.67 

16.76 

95.3 

94.8 

0930 

16.55 

16.82 

16.79 

95.1 

94.9 

7-14 

1000 

16.39 

16.47 

16.33 

94.3 

94.1 

7-15 

1030 

16.20 

16.44 

16.21 

94.1 

96.3 

1100 

15.66 

16.24 

16.01 

94.1 

95.6 

7-16 

1130 

16.06 

16.44 

16.25 

94.1 

94.7 

1200 

- 

- 

- 

- 

- 

1230 

15.85 

16.23 

16.04 

92.9 

94.8 

1300 

16.25 

16.29 

16.07 

93.7 

95.1 

7-17 

1330 

16.24 

16.33 

16.34 

92.7 

94.5 

1430 

- 

16.16 

16.02 

93.2 

95.0 

1500 

- 

16.08 

15.92 

93.8 

95.7 

1530 

16.16 

16.08 

16.08 

93.4 

95.7 

1600 

16.24 

15.52 

15.76 

93.9 

96.3 

7-18 

1630 

16.16 

- 

15.80 

94.2 

96.7 

1700 

15.90 

15.76 

15.66 

94.8 

97.2 

1730 

15.76 

15.76 

15.52 

95.3 

97.6 

7-19 

1800 

15.32 

15.18 

15.64 

96.4 

98.0 

7-22 

1830 

14.96 

14.90 

14.24 

96.8 

98.4 

7-23 

1900 

14.78 

14.76 

14.52 

97.1 

98.3 

1930 

14.86 

14.84 

14.98 

97.4 

98.0 

2000 

14.90 

14.90 

- 

97.4 

98.0 

156 


TiJM 

T 

a 

H. 

_1 

3030 

15.06 

15.06 

15.06 

97. <, 

98.2 

7-28 

2100 

- 

15.22 

15.13 

97.4 

98.0 

2130 

15.30 

15.36 

- 

97.4 

98.0 

2300 

15.36 

15.33 

15.32 

97.3 

98.0 

7-29 

2330 

15.34 

15.34 

15.32 

97.3 

98.0 

7-31 

3300 

15.30 

15.36 

- 

97.3 

97.9 

7-32 

2330 

15.38 

- 

15.14 

96.8 

97.7 

B/8 

0000 

15.24 

15.22 

- 

7-36 

0030 

14.96 

15.04 

14.48 

0100 

14.40 

14.74 

15.08 

0130 

14.46 

15.32 

15.34 

0200 

- 

15.28 

15.34 

B-6 

0230 

14.84 

15.44 

ir.50 

8-7 

0300 

- 

15.62 

15.60 

e-e 

0330 

16.38 

16.28 

15.80 

0400 

- 

16.00 

15.96 

8-9 

0430 

16.40 

16.43 

15.96 

8-10 

0500 

16.30 

15.98 

15.96 

97.8 

98.5 

0530 

16.08 

15.96 

15.94 

98.1 

98.7 

0600 

16.10 

16.04 

16.06 

98.2 

98.8 

8-15 

0630 

16.68 

16.02 

16.06 

98.3 

98.9 

e-16 

0700 

16.10 

15.80 

15.88 

98. 3 

99.0 

8-17 

0730 

16.06 

16.04 

15.50 

98. 3 

98.8 

8-18 

0800 

16.08 

15.50 

15.55 

98.2 

98.7 

8-20 

0830 

- 

14.98 

15.30 

98.0 

98.0 

0900 

14.08 

14.76 

6.76 

98.0 

97.5 

8-24 

0930 

- 

14.70 

15.16 

98.0 

96.0 

8-25 

1000 

14.78 

14.32 

14.32 

97.7 

95.2 

8-36 

1030 

- 

14.30 

14.52 

97.3 

95.7 

1100 

14.92 

14.40 

14.62 

96.8 

95.6 

8-28 

1130 

15.02 

14.28 

14.50 

96.4 

95.8 

1200 

- 

14.44 

14.60 

95.1 

93.7 

1230 

15.14 

14.58 

14.78 

90.0 

89.0 

8-29 

1300 

14.96 

15.26 

14.90 

82.8 

80.7 

157 


Tiae 

T 

s 

!i 

!i 

f2 

1330 

15.02 

15.38 

15.16 

82.6 

80.5 

1400 

- 

14.90 

14.60 

83.9 

82.3 

8-30 

14  30 

15.04 

14.84 

14.84 

86.7 

84.4 

1500 

14.72 

14.82 

14.62 

87.7 

86.9 

8-31 

1530 

14.62 

14.26 

14.10 

92.8 

93.3 

8-32 

1600 

15.28 

14.48 

14.34 

93.5 

94.0 

8-34 

1630 

- 

14.60 

14.56 

92.5 

92.7 

1700 

15.12 

14.70 

14.60 

91.8 

92.3 

8-35 

1730 

15.68 

14.60 

14.48 

92.7 

94.5 

1800 

15.48 

14.56 

14.60 

93.8 

95.2 

1830 

15.40 

14.44 

14.46 

93.8 

95.3 

1900 

15.48 

14.16 

14.16 

96.0 

97.1 

8-36 

1930 

15.28 

14.12 

14.08 

96.7 

97.9 

8-38 

2000 

15.04 

15.04 

14.08 

97.4 

98.2 

8-40 

2030 

14.82 

13.82 

13.74 

97.3 

97.9 

8-41 

2100 

15.08 

14.02 

13.88 

96.5 

97.5 

2130 

15.10 

14.18 

14.06 

92.4 

94.0 

2200 

14.78 

14.08 

14.08 

92.4 

94.3 

8-42 

2230 

15.20 

13.52 

13.48 

94.6 

96.0 

2300 

15.24 

13.68 

13.64 

96.7 

97.5 

8-48 

2330 

15.30 

14.14 

14  .10 

97.2 

98.0 

8/9 

0000 

15.28 

15.28 

14.48 

97.1 

98.2 

8-49 

0030 

- 

14.70 

14.64 

97.3 

98.1 

0100 

15.22 

14.80 

14.74 

97.4 

98.2 

9-5 

0130 

- 

15.08 

15.02 

97.2 

97.8 

9-6 

0200 

15.94 

15.34 

15.28 

97.1 

98.1 

9-7 

0230 

16.00 

15.54 

15.50 

97.2 

98.2 

0300 

16.14 

15.74 

15.68 

96.9 

97.8 

9-11 

0330 

15.90 

15.88 

15.84 

97.3 

97.8 

9-12 

0400 

16.16 

16.00 

15.96 

96.9 

97.6 

9-13 

0430 

- 

15.70 

15.68 

97.2 

97.7 

9-14 

0500 

15.92 

15.64 

15.62 

97.0 

97.6 

9-15 

0530 

15.84 

15.84 

15.28 

96.9 

97.8 

9-16 

0600 

16.08 

14.92 

14.90 

96.8 

97.5 

9-17 

1.56 


Time 


T 

H, 

Time 

8 

1 

_2 

0630 

- 

14.86 

14.82 

96.8 

97.4 

0700 

15.74 

14.98 

14.74 

96.6 

96.9 

9-18 

0730 

15.32 

14.76 

14.68 

96.3 

96.8 

0800 

15.60 

15.60 

14.54 

96.3 

97.0 

9-19 

0830 

15.92 

14.70 

14.70 

96.1 

96.5 

9-20 

0900 

- 

14.78 

14.68 

95.4 

95.6 

0930 

- 

14.72 

14.68 

95.2 

95.9 

9-21 

1000 

16.46 

14.86 

14.84 

94.7 

95.0 

9-22 

1030 

16.44 

15.24 

7.26 

92.0 

92.7 

1100 

15.80 

15.16 

14.96 

90.4 

91.0 

9-23 

1130 

15.90 

15.62 

15.60 

88,7 

88.0 

1200 

15.28 

16.08 

15.82 

87.4 

87.6 

9-24 

1230 

15.88 

15.90 

15.82 

88.1 

88.7 

1300 

15.24 

15.46 

15.26 

90.8 

92.6 

9-25 

1330 

15.88 

15.26 

15.16 

92.4 

94.5 

9-26 

1400 

16.08 

15.44 

15.46 

91.3 

92.7 

1430 

16.30 

16.28 

15.50 

90.8 

91.3 

1500 

16.46 

15.58 

15.60 

90.4 

91.0 

9-27 

1530 

15.64 

15.66 

- 

90,2 

91.0 

1600 

15.68 

15.72 

15.50 

91.2 

91.4 

1630 

15.74 

16.04 

15.74 

90.9 

89.2 

1700 

15.48 

15.64 

- 

91 .8 

91.9 

9-28 

1730 

14.78 

14.86 

15.46 

94.6 

96.2 

9-31 

1800 

14.96 

15.04 

- 

96.0 

97.0 

1830 

15.18 

15.18 

15.92 

96.3 

97.2 

9-35 

1900 

15.46 

11.92 

16.48 

96.2 

97.0 

9-36 

1930 

15.72 

- 

16.76 

96.2 

96.9 

2000 

16.06 

16.00 

16.74 

94.9 

95.5 

2030 

16.32 

16.26 

- 

94.0 

95.0 

2100 

16.30 
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CATALOG  OF  TFWPERATimK  Ar.’D  Dl'lV  POIITI' 

FoiraniriGS  obtained  ofi-  nova  ccotta 

DOPING  NAVY  FOG  INVESTIGATION,  AUGUST  1075 
Raluh  Markson 

Airborne  Research  Associates 


'1ST  OF  !.l  SOUNDINGS 

Aug.  I 5 soundings,  no  fog 

a)  1 departing  Halifax 

b)  in  vacinity  of  Hayes,  100  mi  SW  of  Halifax 
Calibration  between  Bellance  and  Navy'  aircraft  flying  in 
formation  during  a sounding,  calibration  between  Bellanca 
and  Hayes  during  low  fly-by. 

Aug.  2 8 soundings,  no  fog 

a)  some  about  60  mi  SW  of  Yarmouth 

b)  some  about  Uo  mi  SW  of  Halifax 

c ) 1 at  entrance  to  Halifax  harbor 

Aug.  5 8 soundings,  over  and  to  sides  of  fog 

a)  paralleling  fog  bank  in  clear  out  to  100  mi  E of  Halifax 

b)  various  locations  near  fog  between  Halifax  and  hO  m.i 
W of  Sable  Island 

Aug.  10  1'^  soimdlngs,  to  sides  and  through  fog 

a)  several  through  first  fog  h'j  mi  SE  of  Halifax 

b)  several  through  second  fog  1*0  mi  SW  of  Halifax 

c)  constant  altitude  (300  ft)  temperature  measurement  from 
within  ■^i  rst  fog  SE  of  Halifax  through  clear  area  to 
within  second  fog  SW  of  Halifax 

Aug.  11  5 soundings,  through  and  beside  fog,  through  hea\'y'  haze 

a)  departing  Halifax  hai'bor  (haze  over  fog) 

b)  100  mi  SE  of  Halifax  (haze) 

c)  li0  mi  E of  Halifax  (fog) 

NOTES 


1.  All  times  are  "local",  i.e.,  Atlantic  Daylight  Saving  Time  = GMT  - 3 hrs. 

2.  Temperature  measured  with  Rosemont  probe  (resistance  thermt 'meter ) . 
Estimate  temp  accurate  to  ^0.2  C,  however  apply  -O.li  C collection  on 
Aug.  1,  2,  5 and  10  (not  Aug.  11 ). 

I 3.  Dew  point  measured  with  Panametrics  probe  (aluminum  oxide  element  in 

Posem.ont  housing).  Estimate  precision  to  jID.2  C,  but  magnitude  may 
* be  off  by  +1  C.  Note:  dew  point  profiles  vrere  adjusted  upward  by 

2 to  1*  C (constant  for  a day's  data)  so  dew  point  would  match  temp 
when  in  cloud  or  fog. 
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i*.  Many  of  the  soundings  extend  above  the  upper  inversion  (6000  to  10000  ft) 
but  were  not  plotted  for  clarity  in  examininr  the  structure  close  to  the 
fog.  ITiese  data  are  available.  (i.e.,  only  tlie  lower  'l600  ft  of  the 
soundings  were  plotted). 


E 

I 


I 


SUMMARY 

1.  There  generally  was  an  inversion  over  the  ocean  in  the: 

a)  1000  to  3000  ft  height  range  associated  with  no  fog 

b)  0 to  TOO  ft  height  range  associated  with  fog 

Note:  The  term  "inversion"  in  this  report  means  the  level  where 

temperature  starts  to  increase. 

2'.  There  were  no  cases  of  fog  without  an  inversion;  there  were  cases  of  an 

inversion  without  fog.  In  the  cases  studied,  the  inversion  was  a necessary 
but  not  sufficient  condition  for  fog,  e.g.,  on  days  with  fog  the  temperature 
profiles  in  clear  areas  within  a few  tens  of  miles  of  the  fog  resembled 
the  profiles  within  the  fog.  ‘ 

3.  The  inversion  was  typically  100  to  200  ft  below  the  top  of  the  fog  (as 
little  as  '^;0  ft  to  as  much  as  "00  ft  with  the  inversion  at  the  surface). 

li . Large  lapse  rates  were  observed  at  the  low  inversion,  they  appeared  greiiest 
within  the  fog,  typical  values  were  1 1/2  C to  3 C temperature  increases 
over  a 50  ft  height  increment  at  the  inversion  near  the  top  of  the  fog. 

Note:  "Lapse  rate"  as  used  here  means  increase  in  temperatu2-e  with 

height . 

5.  Large  lapse  rates  were  observed  in  one  case  at  both  the  top  and  base  of  a 
stratus  cloud  deck  on  top  of  fog  extending  to  the  surface. 

6.  The  temperature  structure  was  frequently  isothermal  below  the  inversion  a' 
the  top  of  a fog  down  to  the  surface. 

T.  Bands  of  fog  about  15  to  20  miles  wide  appeared  to  form  frequently  along 
the  coastline  extending  from  the  land  out  to  sea. 

8.  An  example  of  fog  formation  in  one  of  the  manners  discussed  in  the  March 
1975  Calspan  Report  (Mack  et  al.)  was  observed.  This  was  a case  of  almost 
saturated  air  advected  across  relatively  cool  water  to  a region  of  warmer 
water.  On  10  Aug  with  SW  wind  flow  across  a clear  area,  fog  form.ed 
east  of  the  ^3rd  parallel  almost  exactly  along  the  strong  N-?  temperature 
gradient  charted  by  personnel  on  the  Hayes  (see  map). 

0.  Band  structure,  discussed  in  the  Calspan  report,  was  a common  feature  of 
most  of  the  fogs  observed.  The  spacing  of  bands  varied  but  was  on  the 
order  of  a few  hundred  meters.  The  bands  were  oriented  both  parallel  to 
the  wind  as  well  as  crosswind.  Inasmuch  as  most  of  the  fogs  had  structure 
and  were  not  homogeneous  layers  of  stratus,  it  is  suggested  that  organized 
air  motions  beneath  the  inversion  play  an  important  role  in  fog  formation. 
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RECOMMENDATIONS  FOR  FUTlTiE  FOG  INVKfTIGATTCNr 


Study  the  relat ionshi]'  of  orpianized  oonvection  to  I'of^  forniation- 

Photograph  the  region  being  investigated  from  high  altitude  both  in 
the  visual  2-ange  and  the  infra-red  range. 


169 


sibl 


UIV 


lySo 

: > xiu 


i£>(V 

ZD 


" 

Id 

o 

fl 

[ 

J 

i 

j 

, 1 

1 

I 

1 

1 

1 

1 

. 1 

s« 

0 

D 

1 

..  .1. 

1 

;;;■  . 

.!  • . 

. 

.. . .. 

.1- ' 

f 1 

: i 

'•  T 

4 

ALTITUDE  (yLFT) 


^ /AUb  / b 


1 


TEMPERATURE  ("DEG  C) 


TEMPERATURE  (DIG  C) 


r 1 

: 

' n 

1 

_... .. 

'■  1 

I'  • ■ 

~ ■ 

■ ■ 

,t: 

r 

; I 

i 

•f 

' 

; 

1 

1 

i 

-U 

“ 

r T 

. -I  j 

;1: 

4i 

1/ 

S4 

—j  - 

- 

— I 

. r_i 

j 

>! 

y 

y\ 

r.- . 

/ 

. ✓ 

/ 

- 

r‘ 

1 ,._j 

1 

i 

- 1 

1“;' 

' 

- ; 

TEMPERATURE  (0£G  C) 


E Q. 


1 

. L 

f 

: 

: 

■i 

j 

i 

vfl 

< 

O 


ID 

f\J 


o 

c\l 


lO 


O 


m 


TEMPESATUi^E  (0£G  C) 


TEMPERATURE  (DEG  C) 


SL  01 


TEMPERATURE  ('DEG  C) 


TEMPERATURE  ('DEG  C) 

• ■ t 'It**'  ' 


(D£G  C) 


'^^V3^0 


Y~ 

i 

— 

n 

1 ' ■ 

j ' 

i ■ 

!•♦  r • 

; 

■ ; 
1 

. 

t 

' 

V > 

1 

^■1 

. j i: 

: 

• 

. : . 

if 

I.; 

■4 

if 

•- 

!.;■ 

i 

r! 

S 

V 

.. 

• 

s 

'■  : 

'■ 

i'.^ 

' 

. *: 

•;  1 

- 

i--i 

■ 

y 

J 

i;  : ti ! 

i.  i'h:| 

■ ■:! 

N 

! 

Tj 

i ' 

: 1 

1 

1 

i 

■ i 

} 


1 1 1 1 1 1 

f 1 

■ ' 1 ! ' ' 

' 

' ' ' 

1 1 1 t 1 1 

1 ' ' 

r 

1 

|-| 

- 

*■ 

1 

1 

: 

i 

i 

;- 

' 

. 

I 

i 

|. 

J 

i 

5 

1 

1 

j 

•i 

, 

.: 

- 

. 

■ 

1 

i 

i 

- 

1 

. 

■ 

.. 

-- 

' ■ 
- 

1 

-.  _ J 

'' 

: 

- 

. 

, 

': 

. 

s 

“ -0-  - 

iL— ( 

■. 

s 

: 1 

. — ^ 

iS 

— 

,i . 

. i 

- 

: 1 

\ \ 

• 

J 

, 

: J 

i 

i 

• 

• ■ -- 

i 1 

\ ■ \ 

l!  . 

. 

i 

n 

5 

- j r 

- f..  ■ 

.1.  •: 
, -L* .:: 

r !V 

■ 0^ 

. i 

1 

1 - 

1 -. 

-'W 

: i i 

\ 

y 

• 

f 

: . 

! 

• \5- 

T i ! 

•\ 

Ji  J 

• 

i 

■ i 

i 

1 

1 

i _ 

-V 

1 J 

■•  ’ 

1/ 

\y 

! 

■ 

i 

■ '■ 

V.: 

1- 

J 

* 

: 

! 

i 

: 

^ - 

'1 

' : '■ 

’^T  • 



o' 

T ‘ 

1 

^ 1 

r^-: 

~% 

; : 

1 

,< 

\ 

. 

! 

1 

t 

: 

• 

1 

\ 

, 1 

/ / 

i ; 

>*— "*'* 

-<r 

. ■ 
f- 

i 

i 

1 

" 

j 

. 

1 

J , 

\ 1 

/ 

J 

/ 

-4-  - 

, 

w 

; 

; • 

' - 

<4 

0 

■n 

h- 

\:/ 

■l 

■|i, 

T ' 

. -p  - 

9— 

>- 

:\* 

/ 

/ 

/ 

. 

A 

UJ 

t: 

b g 

> ^ 'i 

*yf' 

'‘■’j 

"Cg 

I?' 

-9 

S 

f2>' 

! 

i 

1 

— 

0 

1 

K 

4 ^ '^.5 1 
3 0 0 -j-r 

5 

c . cr 

k'l 

n . ^ 
2 

CTvJ  O 

?'><u 

- rr-~ 
(/> 

^ 0 

-gvS. 

qO' 

JliO 

1.  rO 

o=»- 

0 

s: 

s: 

3 

V 

irT 

! 

i 

1 

l_:_ 

r 

o 

1- 

nI 

- 

1 

. 

9 

iS 

= §-fe 

■t;a- 

<U-0 

ts 

o s* 

rr^ 

CJ 

SL' 

i 

C 

?d 

r*-o; 

zf- 

— L 

1 

- 

d 

z 

! : 

a ' 1 

S 

_o 

Q 

.. 

- 

; 

. 

2 

a 

3“ 

o 

to 

1 

a 

5 

.) 

■' 

m 

O 

r> 

I 

— 

' 

- 

■ 

J 

t. 

■ 

:..i  J 

J. 

*SJ 

1 

L 

Ll- 

l_ 

1 L 

L - 
LL 

LlI 

Ll 

LLJ 

J. 

LlLL 

TEMPERATURE  ('DEG  C) 


BOUNI'ARY  LAYR'H  MKASUHl'J.IKrrrS  OF  TKMTEr^AT.rRE,  WATER  VAPOR  AND 


PRiYirirRE  PirRINO  THE  10?'^  fog  CRIITSF  OF  TI{F  UGKS  HAYFF 
Stuart  G.  Gathman 
U.  S.  Naval  Research  Laboratory 

IN'^ODUCTTON 

Vertical  soundings  of  potential  temperature  and  mixing  ratio  are  essential 
to  our  understanding;  of  fog  formation.  D’uring  August  1975,  the  USNS  HAYES 
was  on  a fog  study  cruise  off  of  the  coast  of  Nova  Scotia  and  Newfoundland. 

In  connection  with  this  study  a series  of  kite  balloon  soundings  were  made. 

These  flights  utilized  a new  radiosonde  design  which  gives  accurate  values 
of  atmosplieric  pi-essure  altitude,  dry  air  temperature,  and  w'et  bulb  temperature. 
The  data  from  this  device  is  both  stored  in  permanent  form  on  magnetic  tape 
and  fed  directly  into  a digital  computer  for  instant  real  tin.e  analysis  w'hich 
is  displayed  in  graphic  form  on  a C.  R.  terminal. 

The  form  of  the  transmitted  data  is  the  period  of  time  between  any  two 
pulses  of  audio  modulated  RF  of  the  same  audio  tone.  The  channels  are 
differentiated  by  the  tone  of  the  audio  modulation.  The  period  between  the 
pulses  is  set  long  enough  so  as  to  be  capable  of  being  timed  witii  a stop 
watch  for  sufficient  data  accuracy. 

The  pressure  sensor  is  an  integrated  circuit  which  senses  absolute 
pressure  and  produces  an  output  proportional  to  this  pressure.  The 
sensitivity  of  the  system  was  obtained  by  comparing  the  readings  obtained 
by  connecting  both  the  radiosonde  sensor  and  a precision  pressure  gauge  to 
a partially  evacuated  tank.  The  sensitivity  of  a particular  radiosonde 
was  shown  to  le  constant  throughout  many  flights.  However,  because  of  changir.r 
atmospheric  pressure,  the  output  of  the  radiosonde  at  the  surface  level 
changes  correspondingly.  Therefore  a zero  adjustment  must  be  m.ade  for  each 
flight.  This  was  done  by  flying  the  device  at  mast  height  and  noting  the 
output.  Thus  tlie  linear  characteristics  of  this  device  allows  the  entire 
calibration  curve  to  be  defined  by  a point,  (the  mast  height  reading)  and 
the  slope  (the  sensitivity  of  the  device). 

The  dry  air  temperature  and  the  wet  bulb  temperature  are  obtained  by 
identical  circuitry.  Both  utilize  similar  thermisters* . The  electronics 
gives  a period  which  is  directly  proportional  to  the  resistance  of  the 
thermisters.  The  use  of  COS/MOS  circuitry  keeps  the  battery  consumption  low 
and  provides  a minimum,  of  current  through  the  sensing  thermisters.  Beth  of 
the  thermisters  are  shielded  from  the  sun's  radiation  by  a common  radiation 
shield.  The  wet  bulb  is  enclosed  within  a cotton  wick  which  is  wetted  by 
di.mtilled  water  supplied  by  a small  plastic  vial.  The  psychrometerlc  effect 
on  the  wet  bulb  depends  on  the  ventilation  which  in  this  care  is  provided  by 
th>-  wind  and  the  siiip's  motion.  TTiis  is  adequate  foi-  m.ost  practical  cases 
bei--in:-c  of  a minimum  relative  wind  flow  which  is  necessary  to  Imuich  tl'.e  kite 
b.-illocri  wiUi  an  instT’ument  load. 
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The  nominal  calibration  curven  for  the  temperature  characteristics 
cf  the  theimisters  is  adequate  for  most  work.  These  seem  t.  ■ always  be 
within  plus  or  minus  1 degree  C.  However  the  accuracy  of  •'■he  ::yr.tem  on 
a well  mixed  atmosphere  shows  that  a scatter  of  dry  air  temperatures  at 
a given  altitude  has  a standard  deviation  of  approximately  de/'ree  C. . 
Therefoi'e  to  obtain  a more  precise  absolute  calibration  the  nominal  calibration 
curves  of  the  thermisters  must  be  individually  modified  to  a small  extent 
to  bring  tb.e  temperature  m.easurement  into  line  with  standard  thermometers. 

The  figures  shown  in  this  report  had  both  the  dry  and  the  wet  bulb 
thermisters  calibrated  with  respect  to  a Cambridge  dewpoint  hygrom.eter 
system. 

The  data  was  collated  by  collecting  and  averaging  for  each  minute  of 
flight  all  di'v  bulb  temperature,  wet  bulb  temperature  and  pressure  data 
transm.itted  by  the  radiosonde.  Scatter  -nlots  of  dry  and  wet  bulb  temperature 
against  pressure  were  m.ade  for  each  flight.  Such  presentations  for  a 
well  mixed  uniform  atmosphere  show  an  uncertainty  in  temperature  of  plus  or 
minus  .2  degrees  C at  a given  altitude.  In  the  case  of  structured  atmounhere 
however  where  narameters  are  changing  rapidly  as  the  ship  moves  over  changing 
surface  'v.'aters,  the  ascent  curve  m.ay  be  different  from  the  d.escent  curve.  It 
■was  also  noted  that  setting  the  kite  balloon  at  one  particular  altitude 
showed  that  the  spread  in  the  data  values  increases  as  time  increases. 

Therefore  the  curves  presented  in  figures  1 through  15  in  this  report 
are  of  the  form  of  a least  squares  fitted  3rd  order  polynomial.  The  curve 
represents  either  a single  ascent  or  descent  which  occured  during  the  time 
interval  noted.  The  author  feels  that  these  polynomials  best  represent 
the  important  features  of  the  flights  namely  lapse  rates  and  inflection 
points  in  unambiguous  terms. 

Also  shown  in  these  curves  are  the  average  of  some  of  the  ship  board 
data  w'hich  was  recorded  at  the  same  time.  The  altitude  location  of  the 
symbols  are  their  approximate  geometeric  altittide.  No  attempt  is  made  to 
give  corrected  altitudes  which  take  into  effect  the  air  flow  characteristics 
about  the  ship.  The  large  full  circles  represent  the  data  obtained  by  the 
Cambridge  systems  model  110  B shipboard  dewpcinter  and  dry  air  temperature 
probe  located  on  a tower  on  top  of  the  pilot  house  of  the  UGNS  HAYES.  The 
small  circles  represent  data  taken  by  Gordon  Schacher  of  the  Naval  Post 
Graduate  School  using  quartz  thermometers.  One  was  located  on  a small 
tower  on  the  port  bow  of  the  ship  while  the  other  was  located  on  the  forward 
mast.  The  large  half  circle  represents  the  sea  surface  temperature  indicated 
by  the  Barnes  PRT-5  infrared  thermometer  focused  on  a patch  of  undisturbed 
water  off  of  the  starboard  bow.  The  small  half  circle  represents  the  sea 
surface  temperature  measijred  by  Schacher  using  a quarts  thermometer  towed 
through  the  top  layers  of  the  sea  in  the  wake  of  the  ship. 

A number  of  subsenuent  flights  were  made  after  the  extensive  data  taking 
period  in  leg  1 and  throughout  legs  2 and  3 of  the  cruise.  Certain  of  these 
flights  differ  substantial ly  both  as  to  geography  and  in  weather  conditions 
from  the  profiles  made  during  the  high  fog  incidence  which  occurred  during 
the  first  part  of  leg  1 and  are  offered  here  as  a base  line  by  which  to 
compare  the  fog  related  profiles. 

Turing  legs  2 and  3 of  the  cruise  a more  deliberate  experimental  pace  was 
possible  because  of  the  reduction  in  the  number  of  fog  alerts.  Consequently 
more  detailed  profiles  of  the  marine  boundary  layer  were  made  and  this 
increased  detail  has  suggested  a slightly  different  plotting  format  of  the 
profile  data. 
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Figures  l6  through  27  are  the  individual  potential  temperature  profiles 
for  each  ascent  or  descent.  Some  of  the  flights  contained  up  to  6 consecutive 
ascents  and  descents;  each  part  of  which  is  presented  separately  because  of 
the  unusual  changes  in  the  structure  of  the  profiie  from  one  pass  through  the 
atmosphere  to  the  next,  each  separated  from  the  other  by  no  more  than  1/2  hour. 
Such  detail  in  both  time  and  space  is  difficult  to  .obtain  in  mid  ocean  by 
techniques  other  than  the  tethered  balloon.  The  same  Instrument  makes  each 
of  the  profiles  in  a flight  and  the  wet  and  dry  temperatures  are  checked  at 
the  bottom  of  each  profile  by  the  shipboard  temperature  and  dewpoint  instru- 
mentation. The  resolution  of  the  radiosonde  is  plus  or  minus  0.15°C  consequently 
the  differences  in  consecutively  made  profiles  greater  than  this  margin  of 
error  are  real.  They  differ  because  each  profile  is  made  in  a slightly 
different  portion  of  the  boundary  layer  (the  ship  travels  approximately  5 
miles  between  each  of  the  profiles). 

Figures  28,  29,  and  30  represent  plots  of  the  average  mixing  ratios 
measured  throughout  the  various  ascents  and  descents  of  each  flight.  As  these 
data  are  calculated  from  the  differences  between  dry  and  wet  bulb  temperature 
measurements,  error  margins  of  up  to  plus  or  minus  1/2  g/kg  in  mixing  ratio 
can  exist  in  this  data.  Significant  changes  in  mixing  ratio  profiles  between 
consecutive  profiles  were  not  observed  and  therefore  these  plots  are 
presented  in  an  averaged  form. 


FIGURE  CAPTIONS 


Fig.  l)  Flight  1 started  at  21:l6  GMT  and  represents  a profile  made  in 
the  following  26  minutes.  The  cloud  cover  was  approximately  90^  cirrus. 

No  humidity  measurements  were  made  on  this  flight. 

Fig.  2)  Flight  2 started  at  21:01  GMT  and  represents  50  minutes  of  flight. 
The  sky  was  mostly  clear  during  the  flight.  No  humidity  measurements  were 
made  on  this  flight. 

^ig.  3)  Flight  3 was  started  at  0:2l*  GMT  on  3 August  1975.  It  represents 
28  minutes  of  flight.  This  flight  occurred  in  fog  but  no  humidity  measurements 
were  made. 

Fig.  ) Flight  it  was  started  at  13:35  GMT  on  5 August  1975  and  this  figure 
represents  Uo  minutes  of  flight.  A low  thin  fog  layer  was  lying  over  the 
water.  An  observer  standing  on  the  Ol*  level  of  the  ship  saw  blue  sky 
overhead.  No  humidity  measurements  were  made  on  this  fligh+ . 

Fig.  5)  Flight  5 was  started  at  l6:37  GMT  on  5 August  1975.  It  represents 
39  minutes  of  flight.  Both  humidity  and  temperature  were  meas\ired  on  this 
flight.  The  sky  was  clear  overhead  with  bright  sunshine. 

Fig.  6)  Flight  6 started  at  11:27  GMT  on  7 August  1975.  It  represents  32 
minutes  of  flight  time.  The  sky  was  completely  covered  with  low  level  stratus 
clouds  and  periodic  patches  of  fog  occurred  at  the  surface.  No  humidity 
measurements  were  made  on  the  flight.  The  flight  was  made  Just  as  the  ship 
left  a fog  bank. 


7)  flight  7 started  at  PI : 57  GMT  on  7 August  l'^75.  The  flight 
covered  a time  period  of  P2  minutes.  This  flight  is  the  fii-st  in  a series 
of  flights  to  be  made  in  the  area  south  of  Newfoundland.  The  flight  was 
made  in  fog  but  no  humidity  measurements  are  available  from  the  flight. 

Fig.  8)  Flight  8 was  started  at  12: 3^  Gf^  on  8 August  1975  and  this 
figure  represents  3^  minutes  of  flight.  Both  mixing  ratio  and  potential 
temperature  measurements  are  shovm  here.  The  flight  took  place  in  a fog 
event . 

Fig.  9)  Flight  9 was  started  at  23:35  GMT  on  8 August  1975.  This  20 
minute  flight  took  place  dxoring  a short  fog  event. 

Fig.  lo)  Flight  10  started  at  12:30  GMT  on  9 August  1975.  It  lasted  for 
minutes.  Hea-vy  drizzle  with  a solid  stratus  cloud  deck  overhead  were 
encountered  on  this  flight.  The  humidity  channel  stopped  working  half  way 
through  the  ascent. 

Fig.  11 ) Flight  11  started  at  17:30  GMT  o:i  9 August  1975-  A low  level 
heavy  stratus  deck  overhead  was  encountered  on  this  flight. 

Fig.  12)  Flight  12  started  at  23:30  GMT  on  9 August  1975 • It  lasted  for 
1/2  hour  and  there  were  clear  skies  overhead. 

Fig.  13)  Flight  13  started  at  12:52  GMT  on  10  August  1975  and  lasted  for 
■78  minutes.  A stratus  deck  was  encountered  on  this  flight  with  the  kite 
balloon  definitely  observed  entering  into  the  cloud  at  175  meters  altitude. 

Wig.  ih)  Flight  llj  started  at  22:26  GMT  on  10  August  1975  and  lasted 
for  29  minutes.  The  flight  occurred  at  the  conclusion  of  a fog  event. 

A stratus  cloud  covered  the  sky  at  this  time  but  no  drizzle  was  observed. 

Fig.  15)  Flight  15  started  at  GMT  on  11  August  1975  and  lasted  for 

* 30  minutes.  The  flight  took  place  while  a low  fog  covered  the  sea  surface 

, but  at  the  same  time  some  stars  were  dimly  visible  overhead. 

Fig.  l6)  This  figure  shows  the  potential  temperature  profiles  on  the 
ascent  and  descent  of  flight  l6.  The  ascent  was  made  as  the  ship  was  in 
I a low  stratus  condition.  The  stratus  appeared  to  be  lowering  to  the  surface 

by  the  time  the  descent  was  made.  The  mixing  ratio  profile  of  this  flight 
apnears  in  figure  28. 

Fig.  17)  This  profile  was  made  when  the  surface  visibility  was  3800  meters 
with  no  clouds  visible.  The  true  wind  here  was  5 knots  coming  from  330°.  The 
mixing  ratio  profile  of  this  flight  appears  in  figure  28. 

j Fig.  l8)  Flight  l8  was  made  offshore  of  Nova  Fcotia  under  clear  conditions. 

A 2%  cumulus  sky  cover  was  observed  at  the  time  and  the  surface  visibility  was 
, greater  than  10  km.  Real  charges  in  the  temperature  structure  of  the 

lower  boundary  layer  appear  in  this  sequence  of  profiles. 
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Yip.  19)  Flight  19  shows  real  changes  in  the  structure  of  the  temperature 
in  the  lower  boundary  layer  in  sunny  almost  cloudless  conditions.  The  mixing 
ratio  profile  from  flight  19  appears  in  figure  29* 
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Fig.  20 ) These  profiles  were  made  in  clear  sky  conditions  with  the 
horir.on  sharply  visible.  The  mixing  ratio  profile  from  flight  20  is 
shown  in  figure  29. 

Fig.  21)  These  profiles  were  made  in  clear  sky  conditions.  The  mixing 
ratio  profile  from  flight  21  is  shown  in  figxare  29. 

Fig.  22)  These  profiles  were  made  in  dark  and  overcast  conditions  where 
the  sun  occasionally  breaks  through.  The  mixing  ratio  profile  from  flight  22 
is  shown  in  figure  29. 

Fig.  23)  These  profiles  were  from  flight  28,  the  first  good  flight  made  on 
the  ocean  crossing.  Hea-vy  weather  precluded  measurements  earlier  in  the 
, crossing  track.  The  visibility  here  was  2800  meters.  There  was  rain  observed 

and  a stratus  deck  covered  the  entire  sky.  The  true  wind  at  this  time 
was  T knots  from  90°.  The  mixing  ratio  profile  of  this  flight  is  shown 
in  figure  30. 

Fig.  2h)  Tliese  profiles  were  made  during  flight  29.  Fog  and  stratus  occurred 
at  this  time  with  a surface  visibility  of  300  meters.  The  mixing  ratio  prefile 
of  this  flight  is  shown  in  figure  30. 

Fig.  25)  This  profile  was  obtained  from  flight  31  and  was  made  in  non-foggy, 
overcast  conditions.  The  mixing  ratio  profile  of  this  flight  is  shown  in 
figure  30. 

I Fig.  2fi)  These  profiles  were  made  during  flight  22  near  the  Irish  coast. 

^ The  mixing  ratio  profile  of  this  flight  is  shown  in  figure  30. 

[ 

Fig.  27)  This  profile  was  made  in  a low  level  fcg  condition  in  the  Irish 
Sea  during  flight  33. 

Fig.  28)  This  figure  shows  the  mixing  ratio  profiles  for  flights  I6  and  17 
which  occurred  at  the  conclusion  of  leg  1 of  the  cruise.  See  figures  16  and  17 
: for  the  potential  temperature  data. 

Fig.  29)  This  figure  shows  the  mixing  ratio  profiles  of  flights  I8  through 
22  in  leg  2 of  the  cruise.  This  period  was  generally  characterized  by  a 
non-foggy  condition.  See  figures  18  through  22  for  the  potential  temperature 
and  other  data  from  these  flights. 

Fig.  30)  This  figure  shows  the  open  ocean  and  Irish  Sea  mixing  ratio  profiles 
I obtained  in  flights  28,  29,  31,  32,  and  33.  See  figures  23  through  27  for  the 

potential  temperature  profiles  and  other  data  from  these  flights. 
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FOO  DROPLETS  DURING  THE  1975  USNS  HAYES  FOG  ChUIoE 
Stuart  G.  Gathman 
Ben  G,  Julian 


INTRODUCTION 


During  7 of  the  major  fog  events  which  were  encountered  by  the  USNS  HAYES, 
I7  good  quality  cloud  droplet  size  spectrums  were  obtained  using  the  NRL 
Magnesium  Oxide  Impactor.  The  hand  held  impactor  used  to  make  these  samples 
is  similar  in  design  to  that  described  by  Maze,  et  al.  (l)  and  used  by 
Puhnke  (2)  and  Gathman  and  Larson  (3).  The  Instrument  took  its  samples 
from  the  up  wind  side  of  one  of  the  15  foot  towers  mounted  on  top  of  the 
pilot  house  on  the  USNS  HAYES.  It  was  operated  from  time  to  time  throughout 
the  fog  events  by  Mr.  Gene  Mack  and  Dr.  Ulrich  Katz  of  the  Calspan  Corporation. 

This  instrument  incorporates  a spring-loaded  piston  which  takes  in 
25.8  cc  of  calm  air  in  0.01  s through  a rectangular  slit  nozzle  and  impacts 
droplets  on  a glass  slide  coated  with  newly  deposited  magnesium  oxide. 

Rar.ze  and  Wong  (i+)  have  determined  the  efficiency  of  impaction  for  various 
size  aerosols  for  the  geometry  of  a finite  rectangular  Jet  impinging  on  a flat 
plate.  Figure  1 is  a plot  of  the  efficiency  of  impaction  with  respect  to 
aerosol  size  for  the  physical  dimensions  and  velocities  present  in  the 
particular  impactor  used  for  this  investigation.  It  appears  from  this  plo*„ 
that  all  particles  with  diameter  greater  than  2.0  j^m  are  impacted  on  the 
slides.  Accurate  detection  and  sizing  of  these  very  small  droplets 
presents  a more  difficult  problem.  Through  a series  of  experiments  it 
was  determined  that  the  droplet  deposition  density  was  not  uniform  throughout 
the  slide.  The  actual  contours  of  the  droplet  deposition  density  function 
could  be  fairly  well  represented  by  a series  of  ellipses  all  sliaring  the  same 
foci,  with  the  line  passing  through  these  foci  being  parallel  to  the  slit. 

In  order  to  make  sure  that  all  sizes  of  impacted  droplets  were  equally 
accounted  for,  a series  of  consecutive  photomicrographs  of  the  slide  was 
taken,  forming  a strip  of  surface  area  perpendicular  to  the  length  axis 
of  the  rectangular  Jet  and  running  from  one  edge  of  the  slide  to  the  other. 

This  strip  was  taken  approximately  midway  between  the  ends  of  the  Jet  to 
minimize  edge  effects.  Each  photomicrograph  had  a magnification  of  210X 
and  represented  a Ii83-X  65^-um  surface.  The  droplets  on  this  strip  represent 
those  found  in  a constant  fraction  of  the  total  sampled  air.  The  entire 
strip  contained  about  20  individual  photomicrographs,  each  of  which  was 
manually  scanned  to  obtain  the  droplet  size  distribution. 

The  accuracy  of  the  size  measurements  made  with  an  impactor  depends  on 
the  calibration  of  the  collection  surface.  May  (5)  obtained  a calibration 
for  magnesium  oxide  based  on  the  ratio  between  the  diameter  of  the  observed 
impaction  circles  on  the  slide  and  absolute  diameters  of  the  droplets 
themselves.  May's  calibration  was  for  droplets  greater  than  or  equal  to 
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^.0  ),ri  ir.  Uar.eter.  He  states  that  below  this  size,  the  napncsiuin  caide 
ziethci  is  c*'  little  value  for  measurement  purposes,  because  of  grain  size 
of  the  Mg  surface;  although  for  high  velocities,  sizes  of  leer  than 
um  are  observed. 


Muring  the  sampling  process,  the  impactor  used  in  this  fog  study  had 
an  air  velocity  at  the  jet  of  m/s.  This  velocity  is  apparently  high 
enough  to  cause  large  quantities  of  small  droplets  to  leave  their  impressions 
on  the  freshly  prepared  magnesium  oxide  slide  used  in  this  experiment. 

These  impressions  were  viewed  using  oblique  lighting  where  light-dark 
patterns  of  the  droplet  crater  are  easily  identifiable.  Consequently,  a 
linear  extrapolat ion  of  May's  calibration  curve  was  used  to  obtain  droplet 
sizes  below  10  pm  from  the  images  formed  in  the  magnesium  oxide  surface. 

Chown  in  the  tables  T through  VII  are  the  droplet  spectra  obtained 
with  the  MgO  Ir.pactor  during  7 fog  events  encountered  by  the  USNS  HAYES. 

Facii  data  column  represents  a sampling  at  the  specified  time.  The  diameter 
sizes  indicated  are  the  mid  value  of  the  interval  expressed.  The  numbers 
indicate  norm.alized  values  of  the  counts  in  a particular  channel  divided 
by  the  width  of  the  channel  in  ym  and  expressed  as  percentage.  At  the 
bottom  of  each  column  is  the  visibility  measured  with  the  MRI  forward 
scattering:  probe  and  corrected  for  transition  errors,  Fitzgerald  (6), 
and  expressed  in  meters.  The  mean  diameter  is  shown  and  expressed  in 
ym. 

The  droplet  density  and  the  liquid  water  content  are  calculated  values 
which  are  obtained  from  both  the  measured  size  spectrum  and  the  measured 
visibility . 
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TABLE  I 


2 & 3 August  1975 
TIMF.  GMT 


DIAMETER 

0007 

031  3 

0337 

(uin) 

2330 

2353 

2.4 

0 

0 

2 

0 

0 

4.2 

2 

12 

29 

1 

0 

6.1 

24 

21 

28 

2 

3 

8.1 

39 

26 

18 

3 

4 

10.2 

16 

15 

6 

3 

4 

12.4 

6 

4 

1 

3 

3 

14.7 

4 

4 

1 

5 

2 

17.1 

1 

7 

1 

7 

2 

19.7 

1 

3 

1 

9 

3 

22.3 

0 

0 

15 

4 

24.7 

0 

0 

17 

4 

26.9 

0 

1 

15 

3 

29.0 

1 

3 

7 

4 

31.2 

2 

0 

5 

8 

33.3 

1 

1 

10 

35.5 

13 

37.6 

12 

39.8 

3 

41.9 

4 

hk.l 

1 

vis  (m) 

350 

i(-25 

180 

250 

500 

mean  ((jjn) 

9 

10 

9 

22 

27 

n /cc 

Iwc  {mg/rrr) 

66 

43 

93 

19 

5 

5^+ 

54 

178 

134 

88 

2h3 


TABLE  II 


r 


3 AUGUST  1975 
TIMS  GMT 


DIAMETER 

(.un) 

2033 

2110 

2141 

2200 

2236 

2316 

2.4 

2 

0 

2 

0 

0 

0 

4 . 2 

6 

3 

4 

0 

0 

4 

6.  L 

10 

6 

4 

6 

3 

8 

8.1 

16 

11 

16 

16 

7 

6 

10.2 

20 

5 

10 

11 

5 

12 

12. 4 

12 

9 

6 

3 

4 

8 

14  . 7 

5 

7 

3 

3 

7 

4 

17.  1 

8 

5 

3 

4 

3 

9 

19.7 

4 

5 

6 

6 

2 

6 

22.3 

4 

6 

7 

6 

8 

6 

24.  7 

3 

2 

11 

8 

9 

4 

26 . 9 

0 

5 

6 

4 

7 

4 

29.0 

0 

7 

5 

8 

13 

3 

31.2 

0 

7 

2 

2 

8 

7 

33.  3 

1 

5 

3 

6 

5 

3 

35.5 

1 

1 

1 

2 

1 

37.6 

1 

0 

0 

2 

1 

39 . 8 

0 

1 

0 

2 

41.9 

0 

1 

0 

44.1 

1 

3 

1 

vis (m) 

1700 

1000 

1300 

1500 

1800 

2000 

mean  (jm) 

13 

20 

18 

20 

21 

19 

n /cc 

6 

4 

4 

3 

2 

2 

Iwc (mg/m^) 

17 

37 

28 

26 

20 

18 

2UU 

L. 


TABLK  III 


4 August  I'lTL' 

TIME 

GM'l' 

DIAMETER 

(am) 

1320 

1339 

1347 

1404 

1441 

2.4 

0 

1 

0 

0 

0 

4.2 

1 

5 

5 

14 

7 

6.1 

18 

20 

19 

21 

8 

8.1 

24 

25 

22 

12 

17 

10.2 

8 

5 

11 

4 

12 

12.4 

4 

3 

6 

6 

4 

14.7 

0 

0 

3 

7 

5 

17.1 

3 

2 

4 

7 

1 

19.7 

4 

3 

3 

6 

3 

22.3 

2 

1 

1 

5 

2 

24.7 

3 

0 

9 

4 

3 

26.9 

1 

2 

2 

0 

3 

29.0 

9 

4 

3 

6 

10 

31.2 

4 

5 

2 

2 

2 

33.3 

4 

5 

0 

0 

4 

35.5 

1 

5 

0 

0 

3 

37.6 

0 

2 

0 

2 

3 

39.8 

1 

1 

1 

41.9 

2 

1 

44.1 

1 

vis (m) 

900 

1100 

1000 

500 

500 

mean  (um) 

16 

16 

14 

14 

18 

n /cc 

7 

6 

9 

20 

11 

Iwc (mg/m^ ) 

42 

36 

33 

65 

78 

2U5 


TABLE  III  (CONTINIIFD) 


4 August  1^75 
TIME  GMT 


DIAMETER 


(am) 

1538 

1626 

1759 

1829 

2.4 

0 

0 

0 

0 

4 . 2 

8 

7 

3 

9 

6.1 

12 

5 

13 

18 

8.1 

21 

12 

20 

11 

10.2 

12 

4 

13 

7 

12.4 

7 

2 

8 

5 

14.7 

3 

4 

4 

6 

17.1 

2 

6 

5 

2 

19.7 

1 

1 

2 

5 

22.3 

1 

5 

3 

1 

24.7 

0 

5 

3 

3 

26.9 

0 

4 

2 

4 

29.0 

2 

5 

2 

4 

31.2 

7 

7 

2 

5 

33.3 

1 

4 

4 

3 

35.5 

6 

6 

2 

3 

37.6 

0 

3 

2 

1 

39.8 

2 

1 

1 

2 

41.9 

44.1 

vis (m) 

400 

5 

2 

1000 

350 

300 

mean  (ura) 

16 

22 

15 

16 

n /cc 

17 

3 

20 

21 

Iwc (mg/m^ ) 

107 

42 

102 

118 

2h6 


W 


TAJili-;  IV 


5 Auyust  1975 
TIMl'  CMT 


DIAMETER 


(ujn) 

0920 

1355 

1403 

2.4 

0 

0 

0 

4.2 

2 

16 

10 

6.1 

5 

11 

15 

8.1 

16 

19 

7 

10.2 

6 

9 

6 

12.4 

2 

4 

7 

14.7 

2 

1 

9 

17.1 

1 

3 

13 

19.7 

0 

5 

10 

22.3 

1 

3 

3 

24.7 

6 

5 

5 

26.9 

5 

4 

4 

29.0 

6 

5 

1 

31.2 

8 

3 

2 

33.3 

10 

3 

0 

35.5 

6 

1 

2 

37.6 

39 . 8 

\ 

41.9 
44.1 

vis (m) 

4 

4 

2 

3 

140 

180 

510 

mean  (jjm) 

24 

15 

15 

n /cc 

24 

42 

17 

Iwc  (mg/m'^) 

310 

180 

55 

2h7 


TABLE  V 


6 August  1975 
TIME  GMT 


DIAMETER 

(u»>) 

0510 

0522 

0616 

0710 

0746 

0814 

0828 

2.4 

0 

0 

0 

1 

2 

0 

0 

4.2 

0 

3 

12 

15 

17 

13 

10 

7.1 

25 

11 

28 

22 

30 

28 

15 

8.1 

29 

48 

36 

41 

33 

26 

37 

10.2 

4 

4 

13 

9 

10 

8 

16 

12.4 

5 

5 

3 

4 

1 

3 

7 

14.7 

1 

2 

3 

2 

3 

7 

17.1 

1 

2 

2 

0 

4 

1 

19.7 

1 

0 

0 

0 

• 

1 

1 

22.3 

3 

0 

0 

0 

1 

24.7 

4 

4 

0 

1 

0 

26.9 

1 

2 

0 

0 

1 

29.0 

2 

1 

1 

0 

0 

31.2 

1 

0 

1 

0 

33.3 

0 

5 

0 

0 

35.5 

2 

2 

2 

0 

37.6 

2 

1 

1 

39.8 

1 

41.9 

0 

44 . 1 

1 

V i s ( rri ) 

400 

730 

690 

320 

260 

500 

2 10 

mean  (ixm) 

14 

13 

8 

8 

7 

10 

11 

n /cc 

20 

12 

45 

100 

150 

47 

70 

Iwc (mg/m^) 

94 

48 

22 

53 

53 

100 

140 

TABLE  VT 


7 August 
TIME  GMT 


DIAMETER 

(um) 

0326 

0838 

0857 

0916 

0939 

2.4 

0 

0 

0 

4 

5 

4.2 

10 

9 

25 

21 

41 

6.1 

19 

25 

27 

22 

20 

8.1 

21 

29 

25 

36 

20 

10.2 

10 

13 

15 

11 

4 

12.4 

4 

7 

4 

2 

2 

14.7 

4 

2 

0 

17.1 

1 

3 

1 

19.7 

0 

0 

0 

22.3 

1 

2 

1 

24.7 

2 

0 

26.9 

1 

2 

29.0 

2 

0 

31.2 

2 

0 

33.3 

2 

0 

35.5 

2 

0 

37.6 

2 

0 

3 .8 

0 

0 

41.9 

2 

0 

44.1 

3 

1 

vis (m) 

150 

520 

330 

380 

280 

mean  (um) 

14 

11 

8 

7 

7 

n /cc 

47 

28 

110 

110 

130 

Iwc  (mg/m-^) 

390 

61 

50 

31 

68 

2h9 


TABLE 

7 August  19Y5 
TIME  GMT 


DIAMETER 

(urn) 

0959 

1014 

1033 

1052 

1112 

2.4 

0 

0 

0 

0 

0 

4.2 

5 

20 

7 

0 

24 

6.1 

7 

31 

9 

1 

27 

8.1 

19 

24 

28 

9 

22 

10.2 

18 

3 

15 

18 

9 

12.4 

15 

3 

11 

15 

4 

14.7 

11 

3 

8 

13 

3 

17.1 

12 

1 

2 

11 

0 

19.7 

1 

2 

3 

7 

1 

22.3 

3 

2 

2 

4 

0 

24.7 

1 

0 

2 

4 

0 

26.9 

1 

0 

3 

0 

29.0 

I 

1 

4 

1 

31.2 

0 

1 

2 

1 

33.3 

0 

0 

0 

35.5 

2 

0 

1 

37.6 

0 

39.8 

1 

41.9 

44.1 

vis (m) 

170 

170 

120 

130 

220 

mean  (jju/i) 

13 

10 

13 

16 

9 

n /cc 
Iwc  (mg/m  ’) 

76 

100 

93 

60 

98 

140 

160 

250 

220 

120 

2$0 


TABLE  VII 


7-8  August  1975 
TIME  GMT 


DIAMETER 

(o?ji) 

2251 

0432 

0627 

0804 

0907 

0932 

0938 

2.4 

0 

0 

3 

0 

0 

0 

28 

4.2 

18 

8 

24 

7 

12 

10 

23 

6.1 

19 

2 

16 

20 

27 

25 

8 

8.1 

17 

3 

16 

42 

43 

44 

4 

10.2 

11 

0 

9 

11 

10 

12 

2 

12.4 

5 

5 

0 

2 

4 

3 

0 

14.7 

7 

4 

1 

4 

0 

17.1 

5 

7 

1 

0 

2 

19.7 

2 

8 

0 

1 

3 

22.3 

1 

9 

0 

2 

1 

24.7 

1 

4 

0 

0 

1 

26.9 

2 

5 

4 

0 

1 

29.0 

2 

6 

1 

0 

2 

31.2 

1 

3 

0 

0 

3 

33.3 

1 

0 

0 

1 

35.5 

2 

1 

1 

2 

37.6 

2 

1 

1 

0 

39.8 

6 

3 

1 

2 

41.9 

2 

1 

1 

44.1 

1 

2 

. vis (m) 

400 

170 

150 

200 

230 

260 

290 

mean  (nm) 

12 

20 

12 

10 

8 

8 

12 

- n /cc 

31 

25 

59 

74 

150 

98 

26 

' lwc(mg/m-’) 

72 

230 

280 

150 

65 

93 

150 
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Droplet  Size  Spectra 


as  Measured  by  the 

PMS  Cloud  Droplet  Spectrometer  Probes 


Richard  K.  Jeck 
Naval  Research  Laboratory 

Fog  droplet  number  densities  (n\unber  per  unit  volxime)  and  size 
spectra  over  the  range  0.7  to  l80y  diameter  were  obtained  from  aboard 
the  JSNS  Hayes  for  most  of  the  fog  events  encountered  during  the  cruise. 

The  fog  droplets  were  monitored  continuously  at  about  the  21  meter  level 
with  an  Axially  Scattering  Spectrometer  Probe  (ASSP)  and  an  Optical  Array 
Probe  (OAP)  manufactured  by  Particle  Measuring  Systems  (PMS),  Inc.  The 
ASSP  has  four  selectable  size  ranges  covering  the  interval  0.7  to 
U6p  diameter  and  each  range  is  subdivided  into  fifteen  particle  size 
categories,  or  channels,  as  listed  in  Table  1.  Similarly  the  OAP 
categorized  droplets  into  fifteen  size  channels  over  the  range  7 to 
l80y.  The  observed  droplet  count  accumulated  in  each  size  channel  during 
one  minute  intervals  was  recorded  at  the  end  of  each  minute  of  the  cruise. 

The  data  tables  contain  the  following  information  for  each  fog  listed. 

1.  Printed  at  top  of  the  first  page  of  data  for  each  fog  is  the 
fog  identification  number,  using  the  numbering  scheme  adopted  by  Calspan, 
and  the  day  (EDT)  of  the  observations. 

2.  The  data  in  the  body  of  the  tables  are  arranged  into  groups 
of  four  lines  each. 

(a)  The  first  line  contains  the  hour  Ih  and  minute  im  at  which 
the  data  were  recorded.  The  second  entry  lists  the  visibility  (VSBY)  in 
meters,  as  indicated  at  the  time  hh  mn  by  the  MRI  model  I58O  Fog 
Visiometer  positioned  at  the  same  location  as  the  PMS  probes.  The 
remaining  six  entries  on  the  first  line  contain  the  indicated  number 
density  in  each  of  the  first  six  size  channels  of  the  OAP.  These  values 
are  computed  from  the  raw  data  (droplet  counts  per  minute  in  each  size 
channel)  by  the  use  of  the  simple  relationship, 

D = N/(VW), 

where,  for  each  size  channel,  D is  the  nimiber  density  (number  of  droplets 
per  cm^  per  micron  radius ) , N is  the  recorded  droplet  count  accumulated 
during  the  minute  ending  at  time  mm,  V is  the  volume  of  air  (cm^) 
sampled  by  the  droplet  spectrometer  during  the  preceding  minute,  and  W 
is  the  width  of  the  size  channel  in  terms  of  droplet  radius. 

(b)  The  first  entry  on  the  second  line  is  the  range  (l,  2,  3,  or  1^) 
in  use  on  the  ASSP  during  the  one  minute  measuring  interval.  The  remaining 
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fifteen  entries  in  the  group  contain  the  droplet  number  density  for  each 
of  the  fifteen  size  categories  in  the  stated  range  of  the  ASSP  and  are 
obtained  with  the  use  of  the  same  formula  described  above. 

(c)  The  number  densities  are  expressed  in  computerized  scientific 
notation  where  l.l<E+02,  for  example,  stands  for  l.i*  x lO"*"^. 

In  order  to  preserve  the  uniquely  fine  size  resolution  of  the  ASSP 
data  for  applications  such  as  precise  comparisons  with  theoretical  or 
other  droplet  size  spectra,  for  example,  a nun:erical,  tabular  form  was 
chosen  for  presenting  the  data.  Such  a voliuninous  format  requires,  however, 
that  only  selected  data  from  many  of  the  fogs  be  included  in  order  to 
keep  the  number  of  pages  down  to  a reasonable  amount.  Thus,  except  for 
some  cases  where  valid  measurements  were  not  obtained,  data  are  included 
for  the  following  situations. 

(a)  Continuous  data  records  at  and  near  the  fog  boundaries  where 
the  droplet  spectra  change  rapidly. 

(b)  Continuously  in  the  midst  of  those  fogs  where  the  VSBY  and  drop 
spectra  were  quite  variable. 

(c)  Continuously  for  most  cases  where  the  ASSP  range  was  changed 
frequently.  (Since  the  ASSP  can  be  operated  on  only  one  range  at  a tine, 
frequent  range  changes  are  necessary  if  the  droplet  spectium  is  to  be 
sampled  with  maximum  resolution  over  the  entire  O.J~U6\i  diameter  interval.) 

(d)  At  15  minute  intervals  in  the  midst  of  fogs  that  appeared  to  be 
fairly  uniform. 

In  several  fog  events  the  OAF  was  not  operational,  and  in  these 
cases  the  entries  are  all  zero  for  the  GAP. 

The  droplet  data  are  believed  to  be  accurate,  although  in  cases  where 
more  than  10,000  droplets  were  recorded  per  minute  in  the  first  size 
channel  of  the  ASSP  the  computer  will  enter  an  erroneous  value  for  this 
channel  in  the  tables. 

Due  to  the  instrument  sampling  volume  geometry,  the  MRI  Fog 
Visiometer  can  be  in  error  by  a factor  of  up  to  1.7  in  the  Indicated  VSBY, 
depending  on  the  drop  size  distribution  (Fitzgerald).  The  error  factor 
is  essentially  zero  for  droplets  smaller  than  2y  diameter  but  increases  to 
a maximum  of  about  1.7  for  droplets  larger  than  15W  diameter.  The  error 
has  the  effect  of  under- estimating  the  VSBY.  Thus,  in  a fog  where  the  true 
VSBY  is  UoOm,  for  example,  the  Visiometer  would  read  as  high  as 
UOOm  X 1.7  = 680m  if  the  droplets  were  all  larger  tnan  15u.  In  actual 
fogs,  the  poly  disperse  droplet  size  spectrum  prohibits  the  use  of  a 
simple  correction.  In  general,  the  VSBY  indicated  by  the  MRI  Visiometer 
will  be  greater  than  that  indicated  by  other  instruments  which  more 
accurately  measure  the  visibility. 

In  addition,  the  MRI  Visiometer  readings  are  in  error  pvior  to 
1200  EDT  on  August  it  for  cases  where  a strong  headwind  was  present  along 
with  fog  or  heavy  haze.  This  is  due  to  the  fact  that  the  instrument  was 
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originally  installed  in  an  unsuitable  location  where  the  airflow  was 
deflected  above  the  Visiometer  during  strong  headwind  conditions.  Thus 
the  instrument  was  not  properly  exposed  to  the  ambient  droplet  population 
and  the  result  was  a significant  over-estimation  of  the  VSBY.  This  is 
most  noticeable  during  fogs  UA,  and  UC2,  and  it  probably  also  affects 
VSBY  measurements  in  fogs  2B  and  2C.  Beginning  with  fog  J+Ci*  on  August  It, 
the  Visiometer  was  repositioned  properly  and  reads  correctly  thereafter, 
except  for  the  inherent  errors  due  to  the  sampling  volume  geometry. 

Fineilly,  for  indicated  visibilities  of  10,000m  or  greater,  the 
computer  prints  "9999"  for  the  VSBY  entry  in  the  tables. 


References 

J.W.  Fitzgerald,  "Angular  Truncation  Error  of  the  Integrating  Nephelometer 
in  the  Fog  Droplet  Size  Range,"  submitted  to  J.  Appl.  Meteorology,  197f'. 
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T;\iiLE  1.  Calibration  Data  for  PMS  Probes 


r 


Axially  Scattering  Spectrometer  Probe  (ASSP) 


Channel 

Number 

Range  4 (0. 
Radius  at 
ctr.  of  chan. 

37-4 

Range 

chan. 

. 4y) 
within 
limits 

Range  2 (0.4  - 7.7y) 
Radius  at  Range  within 

ctr.  of  chan.  chan,  limits 

1 

0.42y 

0.37 

- 0.45y 

0. 55y 

0.42 

- 0.70y 

2 

0.52 

0.45 

- 0.60 

0.88 

0.70 

' 1.05 

3 

0.72 

0.60 

- 0.82 

1.25 

1.05 

- 1.45 

4 

0.95 

0.82 

- 1.05 

1.65 

1.45 

- 1.85 

5 

1.18 

1.05 

- 1.30 

2.10 

1.85 

- 2.38 

6 

1.40 

1.30 

- 1.52 

2.65 

2.38 

- 2.92 

7 

1.65 

1.52 

- 1.75 

3.20 

2.92 

- 3.48 

8 

1.88 

1.75 

- 2.05 

3.75 

3.48 

- 4.02 

9 

2.22 

2.05 

- 2.38 

4.30 

4.02 

- 4.58 

10 

2.55 

2.38 

- 2.72 

4.80 

4.58 

- 5.10 

11 

2.90 

2.72 

- 3.08 

5.35 

5.10 

- 5.60 

12 

3.22 

3.08 

- 3.40 

5.85 

5.60 

- 6.15 

13 

3.58 

3.40 

- 3.75 

6.40 

6.15 

- 6.70 

14 

3.90 

3.75 

- 4.08 

7.00 

6.70 

- 7.25 

15 

4.25 

4.08 

- 4.42 

7.50 

7.25 

- 7.75 

Range  3 

(0. 

7-15 

• 5y ) 

Range  1 

(1.05  - 23 

.2y) 

1 

1.05y 

0.7  - 1 . 4y 

1.65y 

1.0  - 2.2y 

2 

1.8 

1.4  - 2.2 

3.0 

2.2  - 3.7 

3 

2.8 

2.2  - 3.3 

4.5 

3.7  - 5.2 

4 

3.8 

3.3  - 4.3 

6.0 

5.2  - 6.7 

5 

4.85 

4.3  - 5.3 

7.5 

6.7  - 8.3 

6 

5.9 

5.3  - 6.4 

9.0 

8.3  - 9.8 

7 

7.0 

6.4  - 7.5 

10.5 

9.8  -11.3 

8 

8.0 

7.5  - 8.5 

12.0 

11.3  -12.7 

9 

9.0 

8.5  - 9.5 

13.5 

12.7  -14.2 

10 

10.0 

9.5-10.5 

15.0 

14.2  -15.7 

11 

11.0 

10.5  -11.5 

16.5 

15.7  -17.2 

12 

12.0 

11.5  -12.5 

18.0 

17.2  -18.7 

13 

13.0 

12.5  -13.5 

19.5 

18.7  -20.2 

14 

14.0 

13.5  -14.5 

21.0 

20.2  -21.7 

15 

15.0 

14.5  -15.5 

22.5 

21.7  -23.2 

Optical  Array  Probe  (OAP) 


Channel 

Number 

Radius  at 
ctr.  of  chan. 

Range 
chan . 

within 

limits 

1 

6u 

3.5 

_ 

8.5’a 

2 

11 

8.5 

- 

13.5 

3 

16 

13.5 

- 

18.5 

4 

21 

18.5 

- 

23.5 

5 

26 

23.5 

- 

28.5 

6 

31 

28.5 

- 

33.0 

7 

35 

33.0 

- 

38.0 

8 

40 

38.0 

- 

43.0 

9 

45 

43.0 

- 

48.0 

10 

50 

48.0 

- 

53.0 

11 

55 

53.0 

- 

58.0 

12 

60 

58.0 

- 

62.5 

13 

65 

62.5 

- 

67.5 

14 

70 

67.5 

- 

72.5 

15 

75 

72.5 

- 

77.5 

Fog  2A.  Aug-ust  2 (Day  214)  1975 
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Measurements  of  the  Super saturation  Spectrum 
of  Cloud  Condensation  Nuclei  in  the  North  Atlantic  during 
the  1975  Fog  Cruise  of  the  USNS  Hayes 

J.  W.  Fitzgerald  and  T.  A.  Wojciechowski 
Naval  Research  Laboratory 
Washington,  D.  C.  20375 


INTRODUCTION 


When  the  relative  humidity  in  the  atmosphere  exceeds  lOOjJ,  water  vapor 
condenses  preferentially  on  certain  aerosol  particles,  referred  to  as 
cloud  condensation  nuclei  (CCN).  Technically,  CCN  are  those  particles 
which,  by  virtue  of  their  composition,  size  euid  other  physical  proper- 
ties, have  critical  supersaturations  less  than  the  supersaturations 
existing  in  fogs  and  clouds.  Stated  another  way,  CCN  are  those  select 
atmospheric  particles  which  will  serve  as  centers  for  fog  and  cloud 
droplet  formation  at  the  slight  super saturations  attained  in  the 
atmosphere.  Obviously,  the  concentration  of  CCN  pre-existing  in  an 
air  mass  will  exert  a strong  influence  or  the  microphysical  properties 
of  fogs.  ThPrefore,  the  super saturation  spectrum  of  CCN,  i.e.,  the 
concentration  of  CCN  as  a function  of  supersaturation,  is  an  essential 
input  into  numerical  models  of  fog  formation  if  accurate  predictions 
of  visibility  and  droplet  size  distribution  are  to  be  obtained. 

During  the  1975  Marine  Fog  Expedition,  the  supersaturation  spectrum 
of  CCN,  in  the  range  0.17  to  0.80?^  super saturation,  was  measured  on 
a routine  basis  with  NRL's  thermal  diffusion  cloud  nucleus  counter. 

THE  NRL  CCN  COUNTER 


There  are  two  main  components  to  the  NRL  Counter — a thermal  gradient 
diffusion  chamber  in  which  an  air  sample  is  exposed  to  a supersaturated 
environment  and  an  optical  system  for  detecting  the  nuclei  activated  in 
this  chamber. 

Diffusion  chamber — The  diffusion  chamber  consists  of  two  horizontal, 
nickel-plated  brass  plates  separated  by  a cylindrical  glass  wall.  The 
chamber  so  formed  is  1.2?  cm  deep  and  7«5  cm  in  diameter.  To  super- 
saturate the  volume  of  the  chamber,  the  plates  are  lined  with  filter 
paper  wetted  with  distilled  water  and  are  maintained  at  different  tempera- 
tures. The  top  plate  is  kept  at  room  temperature  while  the  bottom  plate 
is  cooled,  by  means  of  thermoelectric  modules,  to  a predetermined 
temperature  corresponding  to  a preselected  level  of  supersaturation.  The 
maximum  supersaturation,  which  occurs  midway  between  the  plates,  varies 
as  the  square  of  the  temperature  difference  between  the  plates.  Two 
copper-constantan  thermocouples  monitor  the  temperature  of  each  plate. 
Thermocouple  output  is  measured  with  a Keithley  model  l60B  digital 
multimeter. 
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Optical  Syatem — A high  Intensity  mercury  arc  lamp  In  conjunction  with  a 
suitable  arrangement  of  lenses  and  slits  produces  an  Intense,  narrow, 
rectangular  beam,  0.3  cm  high  and  0.15  cm  wide,  across  the  center  of  the 
chamber.  This  beam  illuminates  droplets  formed  upon  activated  nuclei. 

A small  region  of  this  beam,  having  a volume  of  0.0675  cm^,  is  photographed 
at  a 90°  scattering  angle  with  an  8 mm  camera  and  is  viewed  simultaneously, 
also  at  90°,  by  a video  camera  syatem.  The  concentration  of  CON  is 
determined  by  counting  the  number  of  droplets  detected.  No  unactivated 
nuclei  are  detected  photographically  at  supersaturations  greater  than 
about  0.15^.  The  video  camera  system  includes  a TV  monitor  and  video 
recorder  (Sony  model  AV  6650 ) and  permits  immediate  playback  and  stop- frame 
counting  of  the  droplets  in  the  viewing  volume  so  that  an  approximate 
(to  within  about  20%)  CCN  count  can  be  obtained  in  near  real  time. 

Provision  for  preheating  the  air  sample — The  NRL  Counter  is  equipped  to 
preheat  an  air  sample  to  five  different  temperatures  simultaneously.  Air 
samples  are  preheated  in  order  to  obtain  information  on  the  possible 
chemical  composition  of  CCN,  according  to  a method  described  by  Twomey 
(1971).  In  this  method,  the  volatility  of  CCN  is  determined  by  heating 
a sample  to  various  temperatures;  in  this  way  a curve  (boiling-off  curve) 
of  the  relative  number  of  CCN  surviving  as  a function  of  temperature  is 
obtained.  By  comparing  the  boiling-off  curve  of  natural  CCN  with  the 
boiling-off  curves  of  aa-tifiddly-generated  nuclei  of  known  composition 
and  slmileu:  in  size  to  natviral  CCN,  some  information  about  the  composition 
of  the  CCN  can  be  derived. 

In  the  NRL  instrument,  preheating  is  accomplished  by  passing  the  air 
sample  through  five  parallel  channels.  Each  channel  contains  a quartz 
tube,  of  0.8  cm  i.d.  and  70  cm  long,  around  which  is  wound  a heating 
coll,  the  colls  differing  in  wattage  consumed.  The  wattages  are  selected 
to  heat  the  sample  to  approximately  1I46,  212,  320,  1|80,  and  6l5°C. 

After  passing  through  the  heating  tube,  the  air  sample  passes  into 

3.5  liter  holding  chambers,  one  chamber  for  each  tube,  for  temporary 
storage . 

Sampling  system — When  a measurement  was  to  be  made,  air  was  drawn  through 
the  main  sampling  tube,  which  was  3b  m long  and  had  a 2.5  cm  i.d.,  at  a 
rate  of  0.28  m^/min.  This  tube  was  of  reinforced  I^gon  except  for  a 5*^  m 
stainless  steel  front  section  which  protruded  forward  from  the  starboard 
bow  a distance  of  U.5  m*  'ibe  inlet  of  the  sampling  tube  was  approximately 

7.5  m above  the  sea  surface.  Wind  tunnel  tests  showed  that  the  airflow 
at  the  location  of  the  inlet  should  be  minimally  affected  by  the  presence 
of  the  ship.  Air  has  a residence  time  in  the  tube  of  3.3  sec.  The 
diffuslonal  loss  of  nuclei  in  the  tube  was  computed  to  be  less  than  3%. 

Commercially  available  heaters,  protected  with  potted  insulation,  were 
wrapped  around  the  outside  of  the  stainless  steel  tube  over  much  of 
its  length.  Ihese  heaters  were  used  to  heat  the  Incoming  air  when  the 
ambient  relative  humidity  was  very  high,  to  prevent  the  air  sample  from 
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becoming  supersaturated  as  a result  of  the  cooling  due  to  the  pressure 
drop  nibj  dovn  the  sampling  tube,  'ilie  heaters  were  designed  to 

warm  the  air  by  as  much  as  which  was  enough  to  offset  the  cooling 

in  the  tube. 

A second,  32-m  long  Tygon  sampling  tube,  the  inlet  of  which  was  located 
about  4.1  m off  the  starboard  side  of  the  ship  at  a point  22  m (one-third 
the  length  of  the  ship)  from  the  end  of  the  bow  and  at  a height  of  15  m 
above  the  sea  surface,  was  available  for  use  when  winds  were  less 
favorable  for  sampling  throiigh  the  main  tube.  In  general,  no  CCN 
measurements  were  made  when  the  winds  indicated  that  air  was  coming 
from  the  stern  of  the  ship. 

Air  for  analysis  is  bled  off  the  sampling  tube  and  stored  in  a 3*5  liter 
conditioning  chamber  to  allow  the  sample  to  come  to  temperature  equilib- 
rium with  the  room.  An  aluminized  mylar  diaphragm  lining  the  bottom 
of  the  conditioning  chamber  is  then  slightly  pressurized  to  cause  air 
to  flow  gently  through  the  thermal  diffusion  chamber.  After  the  chamber 
has  been  thoroughly  flushed,  it  is  closed  off  to  permit  the  preselected 
value  of  supersatixration  to  be  reached.  The  droplets  formed  upon 
active  CCN  are  detected  as  described  above.  When  the  measurements  at 
a given  supersaturation  are  completed,  the  bottom  plate  is  cooled  to 
a new  temperature.  When  the  desired  temperature  differential  between 
the  plates  has  been  established,  the  procedure  is  repeated  by  again 
flushing  the  cloud  chamber  with  air  from  the  conditioning  chamber. 

If  information  on  the  volatility  of  CCN  is  to  be  obtained,  the  air 
sample  is  preheated  as  described  above. 

MEASURIMMTa 


Measurements  of  CCN  spectra  obtained  with  NRL's  CCN  coionter  are  presented 
in  Table  1.  Given  are  the  photographically  determined  concentrations 
of  CCN  active  at  supersaturations  of  O.IT,  0.27,  0.1+0,  and  0.00%  at  the 
indicated  times.  Measurements  were  made  at  intervals  of  3 to  6 hours 
during  the  day  except  during  fog  events,  when  readings  were  taken  more 
frequently.  Ship  location  as  a function  of  time  is  given  elsewhere  in 
this  data  report.  In  obtaining  these  spectra,  a single  determination 
of  CCN  concentration  at  each  supers aturat ion  was  made.  Brief  comment 
on  the  accuracy  of  these  concentration  values  is  in  order.  It  is  known 
that,  even  for  a macroscopically  homogeneous  sample,  the  number  of 
particles  in  a small  volume  (0.0675  cm^  in  our  case)  will  vary  from 
one  observation  time  to  another,  due  to  statistical  fluctuations. 

To  a reasonable  degree  of  accuracy,  it  may  be  stated  that  the  true  CCN 
concentration  (i.e.  the  CCN  concentration  which  would  be  determined 
by  observing  a much  larger  volume  of  the  sample  or  by  averaging  many 
observations  of  the  number  in  our  small  volume)  may  differ  from  the 
concentration  N (given  in  Table  1)  determined  from  a single  measurement 
of  the  n\omber  in  our  volume  by  as  much  as  ± 3.t)5^.  Thus  the  relative 
error  is  smaller  at  higher  concentrations. 
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When  fog  was  not  occurring  at  the  time  of  an  observation,  the  concen- 
tration of  CC«  active  at  0.80^  supersaturation  in  a preheated  sample 
was  also  measured.  The  last  column  in  Table  1 lists  the  concentration 
of  CCN  which  survived  heating  to  600°C  in  a manner  similar  to  sea  salt. 
In  the  case  of  the  preheated  samples,  the  CCN  concentrations  reported 
are  an  average  of  from  two  to  four  determinations.  The  standard  enror 
of  the  average  veilue,  is  roughly  equal  to  3.05VW//n,  where  n is  the 
number  of  determinations. 

Measurements  made  after  1300  on  20  August  were  obtained  while  the  ship 
was  crossing  the  North  Atlantic,  enroute  to  Glasgow,  Scotland. 
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TABLE  1 


3 

Number  of  CCN  per  cm 


as  a Function  of  Supersaturation 


SUPERSATURATION  (%) 
DATE  TIME  


(1975) 

(EDT) 

0.17 

0.27 

0.40 

0.80  0.80 

(Heated  Sample) 

30  July 

0715 

1480 

1584 

2472 

5017 

217 

1100 

1243 

2634 

3360 

4307 

1415 

1835 

2768 

3064 

3493 

187 

2300 

2042 

3182 

3788 

4173 

207 

31  July 

0645 

2146 

3286 

4070 

4381 

217 

0915 

1021 

1820 

2412 

3478 

281 

1330 

2398 

3611 

4810 

5195 

340 

1855 

2013 

5047 

5461 

6201 

377 

1 Aug 

1015 

355 

1051 

1998 

3004 

0 

1330 

311 

518 

770 

1356 

0 

1900 

695 

1421 

1806 

1954 

22 

2 Aug 

0700 

414 

474 

607 

696 

22 

1000 

474 

562 

755 

992 

5 

1620 

429 

592 

977 

1347 

25 

1925* 

814 

1347 

1746 

1955* 

592 

1702 

2753 

3892 

2025* 

577 

1391 

2975 

3818 

2212 

503 

592 

622 

1110 

35 

2255* 

340 

680 

932 

1169 

2312* 

459 

548 

784 

1243 

3 Aug 

1005 

622 

666 

932 

1687 

64 

1345 

266 

474 

503 

829 

45 

1545 

296 

518 

622 

918 

1615* 

237 

252 

281 

296 

1655* 

237 

266 

281 

355 

1855* 

192 

311 

355 

888 

1940* 

192 

252 

651 

1820 

4 Aug 

0640 

104 

118 

118 

207 

15 

0720* 

118 

133 

148 

266 

1850 

89 

89 

118 

133 

0 

5 Aug 

0545* 

252 

340 

503 

533 

0605* 

296 

340 

503 

562 

0630* 

326 

326 

533 

577 

0755 

414 

636 

866 

977 

69 

1025* 

296 

548 

592 

740 

1605 

696 

1228 

1806 

2546 

40 

392 
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TABLE  1 (continued) 

Number  of  CCN  per  cm^  as  a Function  of  Supersaturation 


DATE 

(1975) 

TIME 

(EDT) 

SUPERSATURATION 

(%) 

0.17 

0.27 

0.40 

0.80 

0.80 

(Heated  Sample) 

6 Aug 

0550  * 

237 

385 

385 

518 

0610  * 

340 

385 

474 

666 

0655  * 

326 

592 

844 

1154 

0750 

311 

385 

740 

947 

89 

0900  * 

326 

518 

799 

873 

1305 

858 

1465 

1939 

2368 

8 

1615 

296 

681 

725 

858 

54 

1900 

666 

1302 

1510 

1998 

15 

7 Aug 

0500  * 

488 

784 

962 

1302 

0600  * 

488 

725 

918 

1154 

0700  * 

163 

829 

1214 

0915 

400 

592 

947 

977 

37 

1315 

370 

474 

740 

1006 

15 

1630 

207 

326 

385 

414 

37 

1810* 

207 

237 

340 

355 

1840* 

266 

281 

385 

400 

1910* 

266 

340 

385 

607 

1935* 

296 

311 

355 

533 

2150 

429 

592 

740 

903 

37 

8 Aug 

0630* 

548 

562 

962 

1036 

0730 

355 

799 

1051 

1242 

15 

0850* 

296 

370 

459 

696 

0920* 

207 

237 

237 

311 

1105 

59 

163 

192 

237 

8 

1410 

148 

192 

222 

547 

0 

1600 

178 

473 

740 

1021 

0 

1810 

340 

829 

858 

1480 

9 Aug 

0730* 

59 

118 

222 

237 

0 

0750* 

385 

459 

1243 

2087 

0800* 

252 

607 

888 

1643 

0805 

148 

429 

592 

1347 

0811 

89 

192 

488 

1539 

1345 

118 

237 

311 

474 

0 

1525 

104 

118 

281 

311 

0 

1715* 

74 

133 

237 

414 

1720* 

59 

148 

148 

222 

1725* 

104 

118 

163 

281 

393 
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TABLE  1 (continued) 

Number  of  CCN  per  cm  as  a Function  of  Supersaturation 


DATE 

(1975) 

TIME 

(EDT) 

SUPERSATURATION 

(%) 

0.17 

0.27  0.40  0.80 

0.80 

(Heated  Sample) 

9 Aug 

1730  * 

118 

148 

178 

326 

(cont . ) 

1738* 

148 

163 

222 

311 

1743  * 

163 

207 

252 

266 

1746  * 

163 

192 

326 

340 

1800  * 

148 

192 

237 

400 

1815 

163 

192 

370 

444 

2145 

222 

281 

296 

385 

10  Aug 

0900 

192 

237 

252 

311 

1210 

222 

355 

370 

547 

1750  * 

192 

281 

296 

326 

1755* 

178 

222 

355 

444 

1800* 

192 

311 

341 

444 

1805* 

163 

266 

311 

341 

1810 

252 

311 

311 

341 

1940 

207 

355 

518 

710 

2235* 

207 

474 

488 

607 

2247* 

281 

311 

533 

562 

2253  * 

281 

311 

414 

488 

2257* 

207 

355 

429 

548 

2305* 

222 

237 

385 

400 

2310* 

222 

326 

414 

562 

2330* 

281 

296 

488 

503 

2345* 

222 

296 

459 

503 

11  Aug 

0800* 

710 

873 

3078 

4943 

0810* 

577 

1258 

2176 

2324 

0815* 

696 

1406 

1450 

2664 

0825* 

400 

710 

1095 

2220 

0840* 

503 

1140 

1184 

1806 

0855* 

755 

1095 

1272 

2087 

0915 

696 

1510 

1658 

1806 

1210 

1051 

2457 

2842 

4647 

1800 

1672 

2457 

3966 

4366 

16  Aug 

1435 

178 

355 

947 

1998 

17  Aug 

0810 

207 

533 

799 

1332 

1245 

237 

340 

903 

1524 

1745 

1066 

1184 

1347 

2620 

39U 
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TABLE  1 (continued) 

Number  of  CCN  per  cm^  as  a Function  of  Supersaturation 


SUPERSATURATION  (%) 


DATE 

(1975) 

TIME 

(EOT) 

0.17 

0.27 

0.40 

0.80  0.80 

(Heated  Sample) 

18  Aug 

0845 

104 

207 

370 

636 

22 

1745 

237 

252 

310 

370 

15 

19  Aug 

0600 

237 

237 

326 

340 

22 

1120 

725 

873 

1006 

1184 

1700 

829 

1791 

2427 

6112 

59 

20  Aug 

1300 

474 

932 

1302 

1347 

45 

1830 

770 

1495 

2338 

2427 

49 

21  Aug 

0740 

902 

1613 

1435 

3108 

81 

1200 

666 

1154 

1421 

2057 

74 

1730 

444 

518 

829 

1539 

89 

22  Aug 

0800 

429 

459 

562 

1125 

45 

1200 

237 

444 

814 

1406 

52 

1645 

311 

651 

799 

1021 

30 

2040 

340 

622 

740 

1169 

37 

23  Aug 

0905 

296 

518 

725 

888 

37 

1245 

326 

474 

577 

681 

30 

24  Aug 

OblO 

385 

548 

577 

740 

74 

1300 

104 

163 

281 

311 

37 

1630 

104 

133 

163 

163 

96 

2010 

104 

178 

207 

207 

30 

25  Aug 

0730 

44 

44 

74 

133 

15 

1150 

30 

44 

118 

148 

0 

1700 

59 

74 

74 

222 

0 

1945 

118 

148 

148 

266 

7 

26  Aug 

0650 

15 

74 

104 

237 

4 

1100 

30 

44 

59 

192 

7 

1440 

163 

281 

296 

385 

15 

1900 

163 

281 

296 

592 

0 

27  Aug 

0500 

237 

444 

459 

592 

22 

♦Indicates  measurements  made  in  fog. 
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Measurements  of  CCN  Concentrations  In  Fogs* 
D.J.  Alofs,  University  of  Missouri  - Rolla 


During  a fog  episode  some  alrbom  nuclei  (CCN)  grow  to  produce 
fog  droplets  because  the  supersaturation  in  the  fog  is  higher  than 
the  critical  supersaturation  of  these  "activated"  nuclei.  The  other 
nuclei  in  the  air  remain  "unactlvated"  and  of  small  size.  This  re- 
port briefly  describes  some  CCN  measurements  we  made  on  the  ship 
during  fog  episodes.  The  purpose  was  to  estimate  the  supersaturation 
in  the  fogs. 

Two  aerosol  containers,  each  of  28  liters  maximum  volume,  were 
simultaneously  filled  on  the  second  deck  of  the  ship  during  fog 
episodes.  The  containers  were  then  brought  below  deck  and  the  con- 
centrations of  nuclei  active  at  0.1%  supersaturation  were  measured 
with  a vertical  flow  thermal  diffusion  chamber.  The  difference 
between  the  two  containers  was  that  the  first,  call  it  "container  I", 
was  equipped  with  an  impactor,  such  that  all  particles  larger  than 
0.5pm  diameter  were  removed  before  the  foggy  air  passed  into  the 
container.  In  contrast,  for  the  second  container,  call  it  "container 
D",  the  foggy  air  went  directly  into  the  container^through  a 0.9cm 
diameter  tube,  10cm  long,  at  a flow  ratio  of  500cm  /sec. 

The  above  proceedure  was  designed  so  that  only  unactlvated 
nuclei  are  taken  into  container  I,  while  both  activated  and  unactivated 
nuclei  are  brought  into  container  D.  This  assumes  that  most  of  the 
fog  drops  below  20pm  diameter  go  into  container  D and  evaporate,  so 
that  these  activated  nuclei  are  retained.  It  also  assumes  that 
transient  supersaturation  experienced  while  nuclei  pass  through  the 
Impactor  do  not  cause  spurious  nuclei  activation  and  impaction. 

Both  of  these  assumptions  are  supported  by  calculations  too  lengthy  ■ 
to  Include  here. 

The  above  measurements  were  made  during  two  fogs,  that  of  August 
3,  between  1800  and  1810  local  time,  when  the  visibility  was  about 
2400  meters  (NRL  Instrument),  and  on  August  4,  between  1420  and  1430, 
when  the  vlsiblllt^^'^as  550  meters.  For  the  first-fog  container  D 
gave  213  nuclei  cm  , and  container  I gave  186  cm  . For  ^he  second 
fog  container  D gave  126  cm  , and  container  I gave  90  cm  . Thus, 
the  impactor  did  not  remove  a significant  protlon  of  the  nuclei, 
and  so  most  of  them  were  unactivated  during  the  fog. 

The  most  likely  conclusion  from  the  measurements  is  that  the 
super saturation  in  the  fogs  was  less  than  0.1%.  There  is  also  a 
possibility  of  a strong  continuous  source  of  fresh  nuclei,  for  ex- 
ample from  the  water  surface,  such  that  the  nuclei  did  not  have 

*Submitted  for  the  Proceedings  of  the  1975  USNS  Hayes  Fog  Cruise 


time  to  grow  although  the  fog  super saturation  was  above  their 
critical  value. 

The  above  experimental  data  Is  very  sparse,  because  the  CCN 
counter  was  not  In  satisfactory  condition.  1 regard  the  conclusions 
as  tentative  and  would  like  to  repeat  the  experiments  on  another 
cruise. 
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Field  Measvirements  with  a Cloud  Condensation 
Nucleus  Spectrometer  in  Marine  Fogs 


N.  Pukuta  & V.  K.  Saxena 
Denver  Research  institute 
University  of  Denver 
Denver,  Colorado  00210 


ABSTRACT 


During  the  last  one-year  period,  a field  version  of  our  Cloud  Conden- 
sation Nucleus  ICCN)  Spectrometer  capable  of  continuously  monitoring 
and  displaying  in  real-time  the  activation  spectriun  of  fog  and  cloud 
nuclei  was  fabricated  and  field-tested.  The  tests  proved  it  to  be  a 
dependable  field  instrument.  In  July,  1975,  the  CCN  Spectrometer  was 
installed  aboard  U.  S.  NaveLL  Ship  Hayes  for  measuring  the  character- 
istics of  aerosols  that  participate  in  the  marine  fog  formation.  The 
spectrum  measurements  were  made  during  a three-week-long  cruise  aboard 
the  ship  off  the  coasts  of  Nova  Scotia  and  Newfoundland.  Some  two 
thousand  spectra  were  measured  while  approaching  the  fog,  in  the  fog, 
emd  getting  out  of  the  fog.  A variety  of  fog  conditions  were  encountered 
in  the  field.  A comparison  of  the  CCN  spectrometer  data  was  also  made 
with  the  data  obtained  by  the  NRL  (Naval  Research  Laboratory)  chamber. 

The  agreement  between  our  spectrometer  and  the  NRL  chamber  was  found 
to  be  the  same  as  the  agreement  between  the  latter  and  other  static 
thermal  diffusion  chambers  compared  so  far. 

Our  field  measurements  demonstrate  that  the  fog  nuclei  spectrum  in  the 
supersaturation  range  of  0.15-1.2^  undergoes  a marked  change  at  the  fog 
boundaries.  This  is  exemplified  by  a case  study  of  the  fog  that  occurred 
in  the  early  morning  hours  l.2:U0  A.M.  - 8:00  A.M. ; of  6 August  1975,  off 
the  Nova  Scotia  coast.  The  fog  nuclei  concentration  within  the  dissipating 
fog  boiindary  was  found  to  be  much  1 vfer  than  that  at  the  forming  boundary. 
The  fog  appeared  to  be  an  efficient  scavenger  of  nuclei  active  at 
1.2  % supersaturation  and  below.  The  slope  of  the  spectrum,  which 
is  one  of  the  important  parameters  in  modeling  mlcrophyslcal  inter- 
actions, also  registered  a profound  change  at  the  forming  boundary. 

The  fog  nuclei  concentrations  at  the  forming  boundary  were  typical  of 
continental  aerosols  that  evidently  participated  in  the  marine  fog 
formation.  It  is  pointed  out  that  for  evolving  a precise  model  for 
predicting  fog  visibilities,  microphysical  interactions  will  have  to 
be  considered  along  with  kinetic  and  thermodynamic  interactions.  Our 
measurements  constitute  one  of  the  parameters  of  consequential  Importance 
in  delineating  microphysical  Interactions. 

1.  INTRODUCTION 


The  physical  processes  which  Interact  to  produce  fogs  are  varied  and 
complex.  For  example,  the  marine  advectlon  fog  forms  when  a shallow 
layer  of  moist  air,  trapped  beneath  an  inversion,  moves  from  a region 
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of  warm  ocean  surface  temperature  to  a region  of  colder  surface  temperature. 
The  downward  transport  of  thermal  energy  in  the  moist  layer  leads  to 
formation  of  a region  of  supers at ur at ion  near  the  ocean  surface  and 
formation  of  fog.  Subsequently,  the  fog  may  be  intensified  by  further 
heat  losses  due  to  radiative  cooling. 

The  essential  physical  processes  in  a macroscopic  sense  are  the  fluxes 
of  heat  and  moisture  across  the  air-sea  interface  and  the  rates  of 
vertical  transport  of  heat  and  moisture  by  eddy  and  molecular  diffusion 
processes.  The  presence  of  a low-lying  inversion  is  crucial  because 
it  acts  as  a barrier  to  upward  vapor  treuisport,  thus  allowing  the 
boundary  layer  to  acciifliulate  moisture  until  the  saturation  level  is 
reached.  Hadia;ive  cooling  will  tend  to  accentuate  the  inversion  once 
the  fog  has  formed. 

A number  of  n\imerical  models  have  been  developed  to  describe  marine  fog 
formation  in  terms  of  these  macroscopic  processes  (Fisher  and  Caplan, 

1963;  Mack  et  al,  1972;  Barker,  1973).  We  shall  denote  such  models  as 
"thermodynamic"  models,  since  they  assume  a state  of  thermodynamic 
equlllbruim  between  liquid  water  emd  water  vapor  wherever  the  total 
concentration  of  water  substance  exceeds  the  liquid  saturation  level. 

In  other  words,  a supersaturated  condition  is  never  permitted  to  exist. 

Such  models  are  useful  for  investigating  the  conditions  under  which 
fog  may  form.  However,  they  provide  no  information  on  the  properties 
of  the  fog,  other  than  an  estimate  of  its  liquid  water  content. 

The  most  important  aspect  of  fog  as  it  affects  naval  activities  is  the 
reduction  of  visibility  it  produces.  Visibility  in  fog  depends  entirely 
upon  the  number  concentration  and  size  distribution  of  the  hydrometeors 
comprising  it.  Thermodynamic  models  cannot  describe  these  properties; 
they  can  only  be  determined  by  considering  the  kinetics  of  hydrometeor 
formation,  growth,  euid  evaporation.  A model  which  couples  the  thermo- 
dynamic description  with  the  rates  of  mlcrophysical  processes  is  required 
if  we  wish  to  investigate  the  fog  droplet  size  distribution  in  space 
and  time.  We  shadl  refer  to  such  models  as  "kinetic"  models.  A kinetic 
model  provides  the  information  required  to  predict  fog  visibilities, 
and  also  permits  a quantitative  investigation  of  fog  modification 
possibilities.  Such  a model  is  highly  desirable,  and  does  not  exist 
for  marine  fog  at  this  time.  We  (^'ukuta,  1973*  1974)  have  already 
analyzed  physical  interactions  in  the  simplified  air  slab  model,  with  a 
constajit  eddy  diffusivity.  As  a result  of  this  analysis,  it  was  clearly 
demonstrated  that  the  measurement  of  fog  nuclei  spectrum,  particularly 
at  the  upwind  fog  boundary,  constitute  an  essential  input  parameter  for 
predicting  fog  visibitities. 

2.  ACCOMPLISHMENTS 


Before  proceeding  to  analyze  the  spectrometer  data,  it  is  in  order  to 
comment  on  what  and  how  the  measurements  are  made,  'ihe  principle  of  the 
spectrometer  was  discussed  by  Pukuta  and  Saxena  (l973a),  the  details  of 
a preliminary  working  design  were  described  by  Fukuta  et  al  ^197**).  and 


Seixena  and  FxiKuta  (lyT**^*  and  a rieid  version  of  the  spectrometer  was 
presented  by  Fukuta  and  Saxena  Recently,  the  merits  of  the 

spectrometer  were  also  stressed  by  Veal  et  al  11975  )•  From  these 
discussions,  it  is  clear  that  the  spectrometer  produces  an  activation 
spectrum  of  fog  or  cloud  nuclei  in  a desired  super saturation  range 
ISjj^in  > 0.1|?!E)  at  as  short  a time  interval  as  15  seconds.  The  resulting 
activation  spectrum  is  displayed  by  an  X-Y  recorder.  For  coimting  the 
activated  nuclei,  each  droplet  bigger  than  the  threshold  size  is  counted 
Individually  as  soon  as  it  passes  through  the  sensitive  volume  of  the 
Climet  CI-201  ^article  Analyzer  and  instantaneous  droplet  counts  are 
registered.  The  rate  at  which  the  droplets  pass  through  the  detection 
volume  determines  the  droplet  concentration.  For  example,  a smaller 
time  interval  between  two  droplets  passing  successively  through  the 
sensitive  volume  would  correspond  to  a higher  concentration. 

Case  Studies  of  Fog  Kplsodes — The  measurements  taken  during  the  Marine 
Fog  Field  Expedition  of  August,  1975,  offer  a unique  opportunity  to 
comprehensively  study  some  fog  episodes  that  were  extensively  monitored 
by  various  participants.  Modeling  of  microphysics-dynamlcs  interactions 
demand  these  measurements  for  a reasonable  prediction  of  fog  visibilities. 
After  the  CCN  data  are  duly  compiled,  some  case  studies  for  modeling 
purposes  will  be  undertaken.  The  physical  model  of  marine  advection  fog 
presented  by  Fukuta  (l9T3)  emphasizes  the  Importance  of  interaction 
between  fog  nuclei  and  the  environmental  change  for  arriving  at  realistic 
estimates  of  fog  visibilities.  Those  fog  episodes  will  be  chosen  for 
case  studies  that  present  dramatic  variations  in  the  fog  nuclei  spectrum 
while  approaching  the  fog  and  getting  out  of  fog.  The  main  aim  of 
putting  the  Fukuta-Saxena  CCN  Spectrometer  aboard  the  Hayes  was  to  monitor 
such  variations.  The  spectrometer  \indoubtedly  affords  the  best  time 
resolution  for  such  studies. 

Let  us  consider  Fog  that  occurred  during  the  early  morning  hours 
(2:00  A.M.  - 8:00  A.M. ) of  6 August  1975»  off  the  Nova  Scotia  coast 
as  shown  in  Figure  l,  'ihe  spectnun  was  monitored  during  the  ship  track, 
A-B-C-D-E.  At  point  D li.e.  at  1:50  A.M.;,  the  true  wind  direction  was 
3^0°.  Thus,  point  D may  be  regarded  as  lying  at  the  forming  boundary 
of  the  fog.  At  point  E,  the  wind  direction  was  i;i°,  and  it  may  be 
considered  at  the  dissipating  boundary  of  the  fog.  During  the  episode, 
the  winds  were  mild  to  calm,  the  true  wind  speed  varying  from  O.U  knots 
(at  3:^0  A.M. ; to  1U.7  knots  (at  2:20  A.M.). 

in  Fig.  2,  the  visibility  (p)  is  plotted  as  a function  of  time.  The 
plot  is  based  on  the  data  provided  by  the  NHL.  To  obtain  the  true 
value  of  visibility,  the  values  of  Fig.  2 should  be  divided  by  i.65 
within  the  fog  (Jeck,  19T5)-  The  latter  1s  the  calibration  factor. 
However,  for  our  discussion,  the  relative  vadues  of  visibility  will 
suffice.  The  fog  nuclei  spectrum  recorded  at  different  times  during 
the  episode  was  reduced  to  the  form  CS^.  In  Table  1,  the  values  of 
C and  K are  listed  at  different  times.  For  these  k-values,  the  nuclei 
concentrations  in  the  supersaturation  range  of  0.15>  to  1.2%  were 
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considered.  In  this  supersaturation  range,  all  droplets  that  grew 
beyond  1.0  pm  diameter  were  counted.  The  spectrometer,  however, 
sustained  a supersaturation  range  of  0.06%  to  1.2%  and  the  droplets 
grown  beyond  O.  J pm  and  0.5pini  were  also  recorded.  The  latter  data 
will  be  euialyzed  in  the  future  in  order  to  estimate  fog  nuclei 
concentrations  active  at  supersaturations  below  0.1^%.  The  nuclei 
concentrations  at  0.15?i>  1.2%  supers  at  urat  ions  are  also 

recorded  as  a function  of  time  in  Table  i . The  data  of  Tacle  l are 
shown  plotted  in  I'ig.  2. 

From  Fig.  2 , the  drajnatic  variations  in  k,  and  jIq  forming 

boundary  are  noteworthy.  Just  before  2:00  A.M.  peaks  in  visibility 
(&),  k,  N^,  and  ^2  superimpose  on  each  other.  At  the  fog  forming 
boundary,  the  nuclei  concentration  at  0.15%  supersaturation  drops  by 
a factor  of  l.d5,  while  at  1.2%  it  drops  by  a factor  of  6.0.  The 
latter  indicates  a pronounced  change  that  is  beyond  any  kind  of  experi- 
mental error,  'ilie  mecheuiism  for  this  dramatic  reduction  in  N2  may  be 
scavenging.  These  observations  stress  the  need  for  monitoring  the 
entire  nuclei  spectrum  at  the  fog  bovmdarles.  Within  the  fog,  the 
changes  in  N2,  and  k are  not  as  dramatic  but  at  the  fog  dissipating 
boxindary,  all  these  parameters  show  an  upward  trend  and  correlate  well 
with  the  visibility.  At  the  fog  forming  boundsiry,  the  absolute  nuclei 
concentrations  (for  example,  2500  cm”^  at  S * 1.2JI»)  suggest  that  the 
aerosol  that  participated  in  the  fog  formation  was  continental  in 
character.  Such  analysis  is  required  for  each  fog  episode  in  order  to 
make  the  input  data  ready  for  a fog  model  that  is  capable  of  predicting 
fog  visibilities.  The  final  model  will  have  to  account  for  the  scavenging 
effects  of  fog  also.  More  case  studies  will  shortly  be  made  and  a 
kinetic  fog  model  to  utilize  these  data  is  presently  being  developed. 

The  kinetics  of  the  fog  formation  (Fukuta  & Saxena,  1973b;  and 
nucleation-growth  Interactions  (.Fukuta  & Walter,  1970;  Nix  & Itikuta, 

1973)  will  be  fully  accounted  for  in  such  a model. 

Ice  Nucleation  Properties  and  r:hgTn<oni  Nature  of  Marine  Nuclei— 

One  of  the  most  interesting  aspects  of  our  participation  In  the  Marine 
Fog  Field  Expedition  was  the  exploration  of  the  potential  of  our 
spectrometer  for  studying  the  ice  nucleation  properties  and  chemical 
nature  of  the  marine  fog  nuclei.  The  valuable  cooperation  of 
Dr.  R.  C.  Schnell  of  National  Oceanic  suid  Atmospheric  Administration, 
Boulder,  Colorado,  and  of  JJr.  K.  E.  Baler  of  Calspan  corporation, 

Buffalo,  New  York,  resulted  in  such  studies.  For  the  purpose  of  these 
studies,  the  optical  counter  (Climet  201  sensor;  was  disconnected  from 
the  main  chamber  and  the  fog  droplets  that  formed  on  the  nuclei  at  the 
minimum  and  maximum  test  super saturations  were  collected  through  a 
condenser  arrangement  in  a test  tube.  Tne  amount  of  fog  water  collected 
depends  upon  the  time  duration  of  collection,  the  CCN  concentration  in 
the  sample,  and  the  temperature  difference  between  the  median  plane 
of  the  chamber  and  the  surface  of  the  collector.  For  our  operating 
conditions,  about  half  an  hour  was  sufficient  for  collecting  the  sample 
for  infrared  spectrum  analysis  by  Baler  (1972),  but  for  Schnell 's  drop 
freezing  technique,  a larger  sample  volume  was  required  and  consequently 
a lower  time  resolution  could  be  achieved.  A summary  of  these  results 
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is  being  worked  out  and  will  be  made  available  shortly.  It  is  interesting 
to  note  that  some  fog  nuclei  also  behaved  as  freezing  nuclei  but  this 
did  not  occur  for  all  the  samples.  A careful  analysis  of  these  results 
is  evidently  warranted. 

The  infrared  spectrum  analysis  of  the  samples  was  ceirrled  out  by  Baler 
using  a Perkin-Elmer  Model  fOO  Spectrometer  which  has  also  been  used 
for  extensive  identification  of  the  dominant  chemical  composition  of 
sea-svirface  films,  natural  slicks,  and  foams  (Baler  et  al,  19'f^).  This 
indeed  is  a very  useful  technique  and  can  be  conveniently  used  in  con- 
junction with  our  continuous  flow  spectrometer.  Fig.  3 displays  two 
infrared  spectra  produced  by  Baler's  technique.  It  is  obvious  that 
an  absorption  peak  (corresponding  to  a dip  in  the  transmittance)  appears 
around  the  frequency  of~lT00  cm"^.  It  is  indicative  of  an  organic 
ester-like  material  that  was  demonstrated  by  Baler  to  be  water  soluble. 

The  peak  is  pronounced  in  curve  B in  comparison  to  curve  A.  This 
leads  to  tentative  conclusion  that  more  such  material  nucleates  as 
higher  supersaturations  are  encountered.  Samples  A and  B were  taken 
in  the  fog-free  marine  air.  At  present,  it  is  hard  to  speculate  the 
origin  of  this  material.  However,  separate  tests  showed  that  it  does 
not  represent  any  impurity  either  in  the  collecting  device  or  in  the 
main  chamber  and  is  a characteristic  of  the  incoming  sample.  I'lirther  work 
on  these  samples  is  in  progress.  Dr.  Baler's  work  has  already  established 
that  our  spectrometer  can  be  usefully  employed  for  deriving  information 
regarding  the  chemical  nature  of  fog  nuclei  through  the  infrared  spectrum 
analysis. 

3.  CONCLUSIONS  AND  KECOMMENDATIUNS 

The  Marine  Fog  Field  Expedition  sponsored  by  the  Naval  Air  Systems 
Command  and  organized  by  the  Naval  Research  Laboratory  during  July- 
August,  lyT5»  was  one  of  the  most  successful  experimental  programs 
motivated  to  understand  the  complex  fog  phenomena.  Our  participation 
resulted  in  extensive  measurements  of  the  activation  spectrum  of  fog 
nuclei.  The  following  conclusions  seem  to  be  reasonable  on  the  basis 
of  our  study. 

1.  For  the  prediction  of  fog  visibility,  it  is  imperative  to  estimate 
the  concentration  and  size  distribution  of  droplets  that  comprise  the 
fog.  Such  an  estimation  demands  the  knowledge  of  the  activation  spectrum 
of  fog  nuclei. 

iJ.  Our  case  study  snows  a profound  change  in  the  fog  nuclei  spectrum 
at  the  fog  forming  boundary,  the  change  was  less  dramatic  at  the 
dissipating  boundary.  Nevertheless,  a definite  change  in  the  activation 
spectrum  was  observed  at  both  fog  boundaries.  From  a theoretical 
standpoint,  such  a change  was  anticipated  on  the  basis  of  a kinetic 
fog  model  (Fukuta  & Saxena,  19Y3b;  Fukuta,  1973,  19Y^)- 
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3.  'I'he  fog  was  demonstrated  to  be  an  efficient  scavenger  of  cloud 

condensation  nuclei  active- at  1.2>  super saturation  and  below.  A 

complete  fog  model  should  Include  the  operative  scavenging  mechanisms 

also.  j 

U.  In  some  fog  episodes,  the  nuclei  concentrations  were  typical  of  a | 

continental  aerosol  that  evidently  participated  In  the  marine  fog  formation.  j 

i 

A canparleon  of  our  spectrometer  data  with  that  obtained  by  the  ^ 

Naval  Research  Laboratory  static  chamber  shoved  that  the  agreement  j 

between  the  two  was  the  same  as  the  agreement  between  the  NRL  chamber 
and  other  static  thermal  diffusion  chambers  compared  so  far.  This  is 
a very  gratifying  result,  particularly  when  one  receuls  the  preference 
between  the  counting  techniques  employed  in  the  two  devices.  Our 
spectrometer  records  instantaneous  concentration  while  the  NHL  chamber 
produces  "average"  values. 

6.  Some  tests  on  the  fog  water  collected  from  our  spectrometer  showed 
that  the  fog-free  meurlne  air  contained  some  CCN  that  may  also  be  potential 
freezing  nuclei.  These  tests  were  conducted  in  cooperation  with 
Or.  K.  C.  Schnell. 

'( . The  infrared  spectrum  of  the  fog  water  collected  from  our  spectrometer 
indicated  that  the  CCN  in  the  fog-free  marine  air  contained  organic 
ester-like  material  that  was  shown  to  be  water  soluble.  These  experi- 
ments were  done  in  cooperation  with  Dr.  R.  E.  Baler  and  further  studies 
on  the  subject  eure  in  progress. 

It  is  highly  recommended  that  the  data  collected  during  the  expedition 
should  be  fully  analyzed  in  terms  of  a fog  model  that  accounts  for  the 
mlcrophyslcs-dynamlcs  interactions.  The  prediction  of  fog  visibilities 
heavily  depends  upon  the  availability  of  such  a model.  The  data  collected 
during  the  expedition  afford  a vmique  opportunity  of  verifying  the 
predictions  of  the  model  since  simultaneous  visiometer  observations  are 
available  for  various  fog  episodes.  The  suiaiysis  or  the  available 
dara  in  terms  of  a comprenenslve  fog  moael  will  also  help  plan  future 
field  expeditions  efficiently. 
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Table  1 


Values  of  constauit  (C),  slope  (k),  and  nuclei  concentrations  at 
0.15^  (Nj^)  and  1.2^  (Ng)  supersaturations  for  Fog  #4 


Date 

Time 
hr,  EDT 

C 

cm*  3 

k 

cm 

N2 

cm*  3 

8/5/75 

21.54 

2,250 

1.36 

150 

3,350 

8/5/75 

22:57 

530 

0.60 

170 

610 

8/6/75 

1:09 

260 

0.45 

105 

280 

8/6/75 

1:30 

315 

0.36 

148 

330 

8/6/75 

1:46 

2,300 

1.13 

250 

2,500 

8/6/75 

2:00 

330 

0.34 

185 

415 

8/6/75 

2:17 

480 

0.80 

125 

550 

8/6/75 

3:07 

320 

0.54 

120 

350 

8/6/75 

4:26 

370 

0.62 

125 

490 

8/6/75 

7:06 

240 

0.94 

42 

435 

8/6/75 

7:45 

150 

0.91 

35 

185 

8/6/75 

7:55 

145 

0.59 

51 

170 

8/6/75 

8:02 

■ 260 

0,89 

82 

320 

Fig.  i.  Track  of  USHS  HATCES  in  fog  episode  that  occurred  during  the  early  morning  hours 
(2:00-8:00  A.M. ) of  August  6,  1975- 


k,  /5(  METERS) 


(^.UJ0)2n  ‘(g.UJD) 


Fig.  3.  Inl^red  spectra  of  fog  water  collected  fran  the  CCN  Spectrcmeter : A - Super- 
saturation  of  ~ 0.15^,  water  collected  at  10:45  rDT  on  August  10,  1^75;  3 - Sup-ersaturat 
of  water  collected  at  13:17  EDT  on  Agus'ut  9,  1975-  The  air  samples  entering  in' 
the  spectrcmeter  were  taken  off  the  Ife'wfO'jniiland  coast. 
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I.  INTRODUCTION 

This  report  provides  a partial  presentation  of  the  August,  lyT5,  Marine 
Fog  Cruise  Data  reduced  at  NAFI  ^J.  Russell).  The  data  consists  of 
measurements  of  wind,  temperature,  and  relative  humidity  made  aboard 
tne  USNS  Hayes  off  the  coast  of  Nova  Scotia.  Direct  measurements  of 
the  mean  values  of  wind  speed  (0;,  wind  direction  (6),  and  relative 
humidity  (JJR.H*)  were  made  at  two  levels  and  temperature  (?)  at  three 
levels,  one  being  at  the  sea  surface.  Direct  measurements  of  the 
turbulent  fluctuations  of  wind  speed  (.u' ) and  air  temperature  (T'l 
were  also  made  at  two  levels.  Reduced  data  presented  here  consists 
primarily  of  values  of  the  rate  of  dissipation  of  turbulent  kinetic 
energy  e and  the  temperature  structure  parameter  C.j^.^.  Measurements 
of  microwave  refractive  index  were  also  made  at  two  levels  but  are  not 
reported  on  here. 

II.  CRUISi;  TRACK 

The  track  of  the  wRL  cruise  is  shown  in  lig.  1.  The  track  presented  here 
IS  the  same  as  that  presented  in  Calspan  Corporation's  contribution  to 
this  volume,  modified  to  include  suosequent  cnanges  suggested  by  Calspan. 
The  original  track  in  the  Calspan  contribution  to  this  volume  was  a 
modified  track  of  one  produced  by  G.  Schacher  of  Naval  rost  Graduate 
School  (.NPGS). 

III.  INSTRUMEi'iTA'lTON 

T was  monitored  every  few  seconds  at  all  three  levels  using  quartz 
thermometers.  The  sea  surface  temperature  was  measured  by  towing  a 
quartz  thermometer  probe  in  the  water  along  the  starboard  side  at  the 
stern.  U was  teiken  in  one  minute  averages  using  cup  anemometers  and 
electronic  counters.  ?iR.H.  was  monitored  at  the  same  interval  as  T 
and  was  obtained  using  instrumentation  described  in  G.  Schacher's  paper 
in  this  volume.  5 was  measured  using  fast  response  styrofoam  vanes. 

Measurements  of  u'  were  made  using  Thermo-Systems  Incorporated  (rSI) 

Model  i05**B  constant  temperature  hot  wire  anemometers  using  U.5  micron 
diameter  tungsten  wires.  T'  measurements  were  made  using  2.5  micron 
diameter  platinum  wires  in  a constant  current  aC  bridge,  u'  was  obtained 
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by  AC  coupling  and  filtering  the  signaj_s  from  their  respective  sensors. 

The  unconditioned  signals  from  the  TSI  anemometers  were  recorded  on  a 
strip  chart  recorder  in  an  attempt  to  provide  in-situ  calibration. 
Differentiators  were  used  to  ootain  time  derivatives  of  u'  (iu'/dt)  and 
T'  (d'l'/dt)  at  both  levels. 

The  instruments  at  the  lower  level  were  mounted  on  a small  tower  located 
on  the  port  bow  at  appi-oximately  12. meters  (bu  feet)  above  the  sea 
surface.  The  instruments  at  the  upper  level  were  located  on  the  lower 
radar  platform  on  the  main  mast  at  a height  of  approximately  24.7  meters 
l8l  feet)  aoove  the  sea  surface,  because  of  the  up-slope  of  the  air  flow 
over  the  ship,  the  air  being  sampled  at  each  of  the  two  levels  actually 
originates  from  some  lower  level.  With  data  taken  by  NhL  in  a wind  tunnel 
using  a model  of  the  Hayes  ^see  Fig.  2),  the  true  measurement  heights 
are  estimated  to  be  approximately  11.3  meters  ^37  feet)  and  l8.6  meters 
(6l  feet)  for  the  lower  and  upper  levels  respectively.  This  represents 
a height  difference  of  7.3  meters  (2U  feet)  between  the  two  levels.  The 
actual  heights  presented  here  may  be  somewhat  in  error  because  of  the 
inadequacies  in  the  wind  tunnel  data. 

IV.  INTERFACE  ELECTROHICS 


Interface  electronics  were  fabricated  at  NAFI  to  allow  the  :<HL  on-board 
computer  to  be  used  to  log  certain  data.  The  data  that  were  successfully 
logged  on  the  computer  were  mean  wind  speed  from  the  NPGS  cups  and  hot 
wires,  wind  direction  from  the  NAFI  vanes,  mean  refractive  index  ana 
air  temperature  from  the  microwave  refractometer  and  associated  thermistor, 
and  a limited  amount  of  data  from  the  NrGS  quartz  thermometers  and  LiCi 
humidity  sensors.  Wind  direction  was  sampled  once  a second  and  averaged 
for  one  minute.  The  mean  wind  speed  from  the  cups  versus  the  output  from 
the  hot  wires  was  used  in  an  attempt  to  provide  in-situ  calibration 
constants  for  the  hot  wires.  The  computer  was  used  to  calculate  relative 
humidity  from  the  NAFI  refractometer  and  associated  thermistor  data  and 
the  pressure  data  from  the  ship's  barometer.  These  data  were  printed  out 
every  minute,  but  calibration  factors,  then  not  available,  need  to  be 
applied  to  obtain  good  ?R.H.  data. 

Interface  electronics  were  also  designed  to  allow  the  calculation  of  real 
time  spectra  of  wind,  temperat\ire , and  refractive  index.  However,  because 
of  technical  problems  in  high  frequency  coupling  with  the  computer,  no 
real  time  high  frequency  spectra  were  obtained.  A few  spectra  with  an 
analysis  range  of  approximately  50  Hz  using  the  lower  sampling  rate 
program  described  elsewhere  in  this  report,  are  shown  in  Figures  3 and  4 
to  illustrate  the  kind  of  product  that  can  be  obtained  in  real  time. 

Figures  5 and  6 show  the  power  spectrxm  of  the  ship's  vertical  acceleration 
and  angular  (roll)  motion.  These  spectra  were  generated  by  the  NRL 
accelerometer  and  rate  gyro,  respectively.  They  are  shown  here  to 
qualitatively  indicate  the  difficulty  in  making  direct  measurements  of 
momentum  and  heat  flux  using  the  eddy  correlation  technique  in  which 
turbulent  fluctuations  in  vertical  velocity  must  be  measured  in  a 


frequency  range  of  0.01  to  1 Hz.  Note  the  large  amount  of  energy  in  the 
frequency  range,  0.06Hz  to  0.2  Hz,  a region  in  which  one  expects  to  find 
a large  percentage  of  the  turbulent  motion  Involved  in  producing  vertical 
fluxes  of  momentim  and  heat. 


AMPLITUDE  (UNSCALED  DB) 


FREQUENCY  (HZ) 

Figure  5.  Power  Spectrum  of  Z Axis  Acceleration 


V.  Sir'ECTRAL  Analysis 


The  primary  results  presented  in  this  report  Involve  a preliminary  analysis  ^ 

of  some  of  the  turbulent  wind  speed  (u' ) data  and  turbulent  temperature  j 

('i"  ) data.  More  than  1500  recorded  time  histories  of  u' , T' , N' , Ju'/it,  | 

andIT'/it  have  been  spectrally  analyzed.  The  analysis  was  performed  using  I 

a Model  UA-500  Ubiquitous  Spectrum  Ajialyzer  nianufactured  by  federal  j 

Scientific  Corporation.  In  most  cases,  the  analysis  consists  of  analyzing  | 

the  data  to  a frequency  of  200  Hz,  ensemble  averaging  (6u  or  128  spectra  | 

averaged  depending  on  the  length  of  record),  and  displaying  in  a log-log  i 

format.  In  some  cases,  analysis  is  performed  to  1 kHz  or  even  2 kHz. 

The  input  signal  was  AC  coupled  providing  a low-frequency  3 dH  cut-off 
at  less  than  3 Hz.  The  analyzer  contains  a pre-sampling  filter  which 
provides  > 50  dB  of  attenuation  to  input  signal  frequency  components 
which  are  twice  the  upper  limit  of  the  selected  analysis  range.  This 
filter  thus  serves  as  an  anti-aliasing  filter.  Spectrum  analyzer 
characteristics  for  the  ranges  used  are  given  in  Table  1.  An  example  of 
a spectinim  obtained  using  the  UA-500  Analyzer  is  shown  in  Figure  7. 

The  dynamic  range  of  tne  analyzer  (ratio  of  the  minimum  detectable  signal 
to  full  scale  input)  is  greater  than  50  dB.  The  analyzer  produces  a 
5’00-point  spectrum  in  real  time.  Frequency  accuracy  is  ± 0.2^  of  the  full 
analysis  range  (0.8  Hz  on  the  200  Hz  range).  Tne  analyzer  noise  level  is 
fe  -55  dB  below  full-scale. 

A straight-summation  averaging  of  the  spectra  was  performed  to  obtain  a 
final  averaged  spectrum  corresponding  to  one  data  recording  of  one  variable. 

In  most  cases , N = 6U  or  12ti  individual  spectra  were  averaged  to  produce 
this  average  spectrum.  For  example,  to  average  6h  spectra,  the  analyzer/ 
averager  requires  2.67  minutes  (l60  seconds)  of  data  when  analyzed  on  the 
200  Hz  range.  On  the  2000  Hz  range,  only  a l6-second  length  of  record  is 
required.  Data  for  the  analysis  ranges  used  are  presented  in  Table  2. 


Table  1.  Spectrum  Analyzer  Characteristics  As  a 
Function  of  Analysis  Range 


ANALYSIS  RANGE 
(Hz) 


(1) 


SAMPLING  RATE 
(Hz) 


EFFECTIVE  3 dB 
BANDWIDTH  (2) 
(Hz) 


LENGTH  OF  SIGNAL 
REQUIRED  TO  PRODUCE 
ONE  SPECTRUM  (SEC) 


6.0 

0.25 

3.0 

0.50 

0-200 

0.6 

2.50 

(1)  Starts  at  0 for  DC  coupled  input  but  will  be  several  Hz  for  AC  coupling. 

(2)  This  bandwidth  is  indicative  of  the  analyzer's  ability  to  resolve  two 
equal -amplitude  sine  waves. 


Ul3 


FREQUENCY  (Hz) 

Figure  7.  Average  Spectrum  for  the  Voltage 
Associated  With  T'^ 


Table  2.  Analyzer /Averager  Record  Length  Requirements 


NUMBER  OF  SPECTRA 
AVERAGED  (N) 

200  Hz  RANGE 

1000  Hz  RANGE 

2000  Hz  RANGE 

RITT^ 

m: 

MlfT 

MIN 

16 

- 

8 

- 

4 

- 

32 

80 

- 

16 

- 

8 

- 

64 

160 

2o67 

32 

- 

16 

- 

128 

320 

5.34 

64 

- 

32 

- 

256 

640 

10.6 

128 

2.13 

64 

- 

512 

1280 

21.3 

256 

4.26 

128 

2.3 

1024 

2560 

42.6 

512 

8.52 

256 

4.26 
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VI.  Rate  of  dissipation  of  iURBULENT  tCiNETIC  EMERGE  calculations 


U20 
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Table  4.  c and  u*  Values  for  1 August  1976 


TIME 

GMT 

ir 

1 

(M/SEC) 

(CM  /SEC  ) 

u* 

1 

(CM/SEC) 

'^2 

(M/SEC) 

2^2  3 

(CM  /SEC  ) 

2 

(CM/SEC) 

0039 

8,38 

11,31 

17,21 

8,92 

11,32 

20.34 

0230 

4,83 

10,31 

16,69 

5.11 

40.23 

31,04 

0340 

3,81 

24,26 

22.20 

3.91 

23.08 

25,79 

0430 

3,51 

4.05 

12.23 

3.78 

4,00 

14,38 

0558 

9,18 

12.20 

17.65 

11.02 

4,81 

15.30 

0704 

8,81 

5.90 

13.86 

10,43 

3,25 

13.42 

0830 

7,14 

3.52 

11,67 

8.12 

3,71 

14,03 

0936 

5,96 

- 

- 

6.45 

0,14 

4.67 

0912 

7.58 

0.66 

6,67 

9.23 

2.07 

11.55 

1602 

7,54 

0.33 

5.29 

8,67 

0,062 

3,59 

1821 

5,30 

0.49 

6.07 

5.89 

1 ,43 

10,20 

2038 

9,61 

2.25 

10.05 

11,16 

- 

- 

2245 

8,52 

2.04 

9.72 

9,80 

2.18 

11,75 

Table  5.  e 

and  u«  Values 

for  2 August  1976 

TIME 

GMT 

U 

1 

(M/SEC) 

(CM  /SEC  ) 

1 

(CM/SEC) 

(M/SEC) 

2^2  3 

(CM  /SEC  ) 

“•2 

(CM/SEC) 

0005 

3,38 

2.79 

10,80 

4.15 

2.15 

11.70 

1341 

5.56 

0,36 

5.47 

6.41 

1.08 

9.30 

1722 

4.17 

6.52 

14.33 

5.53 

15.22 

22.45 

2200 

4.26 

3.07 

11.14 

6.19 

0.56 

7.49 

2327 

7.56 

9.71 

16.36 

8.48 

11.63 

20.53 

2346 

5.84 

7.86 

15.25 

6.43 

4.63 

15.10 

2353 

5.30 

1 .29 

8.35 

5.91 

0.39 

6.59 

2359 

6.08 

0,36 

5,47 

6.99 

4.96 

15.45 

Table  17.  Values  of  <;.-r(20)  and  C|  for  2 August  1976 


J 


Table  7.  e and  u«  Values  for  4 August  1976 


TIME 

GMT 

JJ 

1 

(M/SEC) 

, 2 ' 3, 

(CM  /SEC  ) 

(CM/SEC) 

<^2 

(M/SEC) 

2^2  3 

(CM  /SEC  ) 

“*2 

(CM/SEC) 

0000 

11.56 

6.05 

13.97 

13.19 

4.05 

14.44 

0030 

12.24 

6.36 

14.21 

12.75 

4.99 

15.48 

0100 

12.83 

9.36 

16.16 

14.62 

6.25 

16.69 

0205 

11.37 

5.96 

13.91 

12.64 

3.91 

14.27 

0230 

3.89 

1.47 

8.72 

6.45 

4.48 

14.94 

0303 

4.88 

107.75 

36.49 

6.22 

65.24 

36.47 

0400 

4.52 

36.03 

25.33 

7.07 

102.00 

42.33 

0459 

5.13 

66.88 

31.13 

- 

- 

- 

0534 

5.51 

59.58 

29.95 

- 

- 

- 

0954 

7.30 

74.94 

32.33 

- 

- 

- 

1056 

8.95 

210.83 

45.64 

- 

- 

- 

1108 

8.97 

117.79 

43.12 

- 

- 

- 

1123 

8.03 

192.42 

44.27 

- 

- 

- 

1155 

8.85 

175.81 

42.96 

- 

- 

- 

1204 

9.00 

178.18 

43.15 

- 

- 

- 

1220 

9.82 

57.33 

29.57 

- 

- 

- 

1234 

9.70 

134.55 

32.29 

- 

- 

- 

1252 

8.62 

60.97 

30.18 

- 

- 

- 

1316 

8.38 

50.11 

28.27 

- 

- 

- 

1344 

9.51 

93.66 

34.83 

- 

- 

- 

1519 

6.50 

271.10 

49.63 

- 

- 

- 

1604 

8.92 

177.00 

43.05 

• 

. 

• 

U23 
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Table  9.  e and  u*  Values  for  6 August  1976 


TIME 

GMT 

1 

(M/SEC) 

2 ' 3 

^CM  /SEC  ) 

u* 

1 

fCM/SEC) 

<^2 

(H/SEC) 

2^2  3 

(CM  /SEC  ) 

“*2 

(CM/SEC) 

0005 

4.00 

4.49 

12.65 

4.19 

2.58 

12.43 

0100 

3.89 

- 

- 

4.55 

6.53 

16.93 

0204 

5.51 

0.43 

5.80 

6.17 

1.77 

10.97 

0323 

9.35 

14.88 

18.86 

10.22 

0.34 

6.35 

0433 

7.28 

7.20 

14.81 

8.97 

6.88 

17.23 

0450 

7.89 

6.47 

14.29 

9.75 

10.45 

19.81 

0510 

8.34 

22.70 

21.71 

10.31 

15.51 

22.59 

0530 

9.47 

21.24 

21.24 

10.13 

15.26 

22.47 

0550 

10.34 

38.41 

25.87 

11.35 

10.06 

19.56 

0610 

3.33 

73.64 

32.14 

3.81 

37.89 

• 30.43 

0630 

3.00 

28.76 

23.49 

4.12 

12.04 

20.77 

0645 

2.83 

23.14 

21.85 

4.03 

16.70 

^3.16 

0704 

7.32 

20.40 

20.95 

7.70 

2.14 

11.67 

0730 

6.26 

30.18 

23.87 

6.59 

7.46 

17.71 

0835 

8.48 

- 

- 

9.02 

8.21 

18.28 

0925 

7.28 

- 

- 

7.82 

3.64 

13.93 

1024 

8.03 

- 

- 

8.67 

1.41 

10.16 

1106 

6.81 

16.17 

19.39 

7.14 

11.27 

20.31 

1137 

6.52 

- 

- 

6.88 

- 

- 

1220 

6.19 

2.67 

10.63 

6.66 

1.34 

9.99 

1315 

8.08 

- 

- 

8.67 

1.68 

10.76 

1412 

6.76 

8.06 

15.37 

7.21 

- 

- 

1420 

6.78 

4.05 

12.22 

7.23 

2.86 

12.86 

1432 

6.17 

3.75 

11.92 

6.64 

3.76 

14.09 

1600 

6.76 

2.02 

9.70 

7.72 

2.14 

11.68 

2025 

4.03 

- 

- 

4.15 

2.56 

12.39 

2141 

5.25 

13.15 

18.10 

5.37 

8.89 

18.77 

2253 

5.56 

4.10 

12.28 

5.82 

4.76 

15.24 

2310 

5.39 

- 

- 

5.37 

1.12 

9.41 

2325 

4.22 

4.31 

0.12 

4.44 

Table  10.  e and  Values  for  7 August  1976 


TIME 

GMT 

IT 

1 

(M/SEC) 

^CM  /SEC  ) 

(CM/SEC) 

'fa 

(M/SEC) 

2^2  3 

(CM  /SEC  ) 

u* 

2 

(CM/SEC) 

0045 

6.36 

2.72 

10.71 

6.52 

0.78 

8.35 

0200 

4.76 

0.097 

3.52 

4.97 

5.91 

16.38 

0738 

2.88 

- 

- 

4.17 

48.38 

33.01 

0900 

4.71 

5.32 

13.39 

4.92 

4.39 

14.83 

0926 

4.05 

4.72 

12.87 

4.12 

3.80 

14.14 

0945 

4.21 

2.44 

10.33 

4.48 

4.06 

14.45 

1000 

3.26 

3.98 

12.16 

3.61 

2.42 

12.17 

1018 

3.26 

3.35 

11.48 

3.58 

3.40 

13.63 

1037 

2.83 

3.58 

11,73 

3.38 

4.59 

15.06 

1055 

2.88 

3.63 

11.79 

3.26 

4.46 

14.91 

1123 

4.40 

- 

- 

4.69 

1.06 

9.23 

1150 

5.28 

2.92 

10.96 

5.68 

1.75 

10.92 

1235 

4.19 

- 

- 

4.38 

1.42 

10.17 

1339 

6.10 

6.56 

14.35 

6.05 

3.68 

13.99 

1408 

5.72 

10.45 

16.77 

5.70 

6.99 

17.32 

1503 

4.17 

- 

- 

5.82 

16.85 

23.23 

1807 

3.41 

9.79 

16.40 

4.05 

14.92 

22.31 

1949 

3.33 

- 

- 

4.69 

11,88 

20.67 

2128 

3.18 

- 

- 

4.76 

7.16 

17.46 

2137 

3.13 

- 

- 

3.86 

10.17 

19.63 

2148a 

3.41 

- 

- 

4.33 

11.15 

20.24 

2148b 

3.41 

- 

- 

4.05 

10.56 

19.88 

2202a 

4.08 

- 

- 

4.88 

10.31 

19.72 

2202b 

4.08 

- 

- 

4.19 

5.44 

15,94 

2230 

3.18 

- 

- 

3.46 

4.67 

15.15 

2240 

3.08 

- 

- 

3.68 

5.84 

16.31 

2300 

7.04 

10.43 

16.76 

8.05 

3.32 

13.51 

2326 

5.84 

6.33 

14.19 

7.63 

2.24 

11.86 

2347 

6.36 

9.59 

16.29 

7.61 

0.40 

6.66 
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Table  11.  e and  Values  for  8 August  1976 


TIME 

GHT 

IT 

1 

(M/SEC) 

y 2 ' 3, 

'CM  /SEC  ) 

(CM/SEC) 

>^2 

(M/SEC) 

{CM  /SEC  ) 

“*2 

(CM/SEC) 

0024 

3.98 

11.05 

17.08 

4.68 

9.99 

19.52 

0157 

5.82 

6.31 

14.17 

6.24 

7.53 

17.76 

0214 

5.93 

4.54 

12.70 

6.40 

1.93 

11.29 

0238 

6.29 

1.42 

8.62 

7,16 

1.06 

9.25 

0300 

3.33 

4.06 

12.23 

3.51 

3.35 

13.55 

0320 

3.30 

2,02 

9.70 

3.41 

2.31 

11.99 

0340 

3.28 

' 6.73 

14.48 

3.38 

4.59 

15.06 

0356 

2.80 

7.10 

14,73 

4.57 

8.24 

18.30 

0409 

2.90 

7.29 

14.87 

3.98 

10.42 

19.79 

0430 

3.38 

2.06 

9.75 

3.48 

1 .98 

11.38 

0457 

3.58 

2.15 

9.90 

3.98 

1.85 

11.13 

0505 

3.53 

4.25 

12.42 

3.56 

2.40 

T2.12 

0526 

3.96 

1.96 

9,59 

4.07 

1.89 

11.20 

0542 

4.38 

2.12 

9.85 

4.40 

0.50 

7.21 

0700 

3.48 

4.20 

12.37 

3.66 

2.91 

12.93 

0754 

5.06 

2.84 

10.85 

5.30 

2.33 

12.02 

0821 

4.83 

2.72 

10.70 

5.02 

1.33 

9.96 

0845 

3.73 

0.56 

6.31 

3.81 

0.75 

8.25 

0900 

4.15 

- 

4.71 

2.12 

11.64 

0915 

2.83 

- 

- 

3.36 

3.23 

13.40 

1028 

6.22 

0.84 

7.23 

6.87 

- 

- 

1053 

5.44 

0.27 

4.94 

6.12 

0.33 

6.27 

1130 

6.90 

2.58 

10.51 

7.70 

1.60 

10.60 

1140 

7.53 

4.66 

12.80 

8.34 

- 

- 

Table  11  . e and  u*  Values  for  8 August  1976  (cont'd) 


TIME 

GMT 

TT 

1 

(M/SEC) 

£■1 

2 ' 3 

(CM  /SEC  ) 

u* 

1 

(CM/SEC) 

^2 

(M/SEC) 

2^2  3 

(CM  /SEC  ) 

“*2 

(CM/SEC) 

1200 

9.02 

21.59 

21.35 

9,84 

• 

• 

1210 

9.18 

18.45 

20,26 

10.00 

8.00 

18,12 

1230 

8.74 

12.52 

17.80 

9,37 

0.48 

7.08 

1303 

9.98 

23.57 

21.99 

10,88 

20.24 

24,76 

1330 

10.10 

20,04 

20.83 

10.71 

16.95 

23.27 

1407 

9.98 

9.94 

16.49 

10.31 

4.12 

14.52 

1452 

8.95 

9.04 

15,98 

9.30 

4.47 

14.92 

1552 

8.34 

4.27 

12.44 

8.83 

1.80 

11.02 

1640 

7.81 

4.04 

12,21 

8.29 

5.71 

16.20 

1755 

3.61 

4.32 

12,48 

4.02 

3,14 

13.27 

1911 

4.43 

5.07 

13.17 

4.66 

2.10 

11.61 

1924 

5,21 

5.76 

13.75 

5.30 

2.33 

12,02 

1930 

4.99 

3.95 

12.12 

5.11 

2.27 

11.90 

1958 

5.63 

5.17 

13.26 

5.70 

2.09 

11.58 

2104 

4.71 

5.32 

13,39 

5.09 

3.19 

13.34 

2257 

7.30 

3.21 

11.31 

7.61 

1.58 

10.56 

2315 

5.21 

- 

- 

5.61 

0.87 

8.64 

2334 

4.55 

- 

- 

4.83 

0.77 

8.30 

2352 

3.96 

0.30 

5.12 

4.38 

0.71 

8,08 
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Table  12.  e and  u*  Values  for  9 August  1976 


^ e,  ^2  e 

TIME  1 2^  3 1 2 2 3 2 

GMT  (M/SEC)  (CM  /SEC  ) (CM/SEC)  (M/SEC)  (CM  /SEC  ) (CM/SEC) 


0001 

3.98 

- 

- 

4.55 

0.92 

7.24 

0026 

- 

- 

- 

4.78 

2.15 

11.69 

0200 

6.38 

1.72 

9.19 

7.04 

1.25 

9,75 

0220 

5.63 

0,12 

3.75 

6.22 

2.66 

12.56 

0025 

4.73 

2.70 

10.68 

5.28 

3.29 

13,47 

0240 

5.39 

2.52 

10.44 

5.98 

3.65 

13.94 

0250 

5.70 

1.57 

8.91 

6.36 

1.92 

11.27 

0254 

5.18 

1.45 

8.69 

5.82 

1.78 

10.99 

0308 

4.80 

0.58 

6.39 

5.37 

1.00 

9.05 

0356 

4.88 

0.69 

6.79' 

4.95 

0.78 

8.35 

0407 

4.64 

0.67 

6.70 

4,66 

0.53 

7.32 

0452 

4.52 

1.10 

7.91 

4.90 

0.78 

"8.33 

0501 

4.31 

0.89 

7.38 

4.80 

1.08 

9.30 

0522a 

4.03 

0.71 

6.84 

4.31 

0.50 

7.17 

0522b 

4.22 

1.24 

8.23 

4.48 

0.61 

7.67 

0548 

3.98 

1.81 

8.11 

4.23 

0.49 

7.14 

0610 

3.53 

0.61 

6.61 

3.96 

0.65 

7.87 

0706 

4.19 

2.45 

10.34 

4.55 

2.91 

12.94 

0718 

3.45 

2.11 

9.84 

3.78 

1.26 

9.79 

0742 

3,21 

2.82 

10.83 

3.46 

1,17 

9.56 

0801 

3.13 

2.77 

10.77 

3.58 

1.43 

10.22 

0832 

2.93 

5.26 

13.33 

3.78 

5,02 

15,51 

0910 

5.74 

6.29 

14.16 

7.58 

4.45 

14.90 

0920 

7.34 

4.59 

12.74 

5.65 

1.74 

10.90 

0952 

7.27 

3.83 

12.00 

7.45 

1.61 

10.62 

I 


Table  12.  e and  u*  Values  for  9 August  1976  (cont'd) 


H u*  IT,  u^ 

TIME  1 a""!  3 1 ^ 2^2  3 2 

GMT  (M/SEC)  (CM  /SEC  ) (CM/SEC)  (M/SEC)  (CM  /SEC  ) (CM/SEC) 


1058 

6.38 

1.45 

8.68 

6,78 

1,02 

9,11 

1145 

6.24 

2.01 

9.68 

6.71 

1.20 

9,62 

1230 

5,04 

0,71 

6.85 

5,21 

1,15 

9,50 

1330 

6,71 

0,56 

6,32 

4,17 

0,29 

5.98 

1400 

4,69 

0,95 

7.54 

5.09 

0.80 

8.41 

1445 

3.66 

1,86 

9.43 

4.22 

1.94 

11,30 

1545 

2.85 

- 

- 

3.28 

0.40 

6.67 

1645 

2.93 

1.86 

9.44 

3.88 

1.29 

9.85 

1736 

2,95 

1.88 

9.46 

3.63 

2.43 

12.19 

1843 

3,21 

7.01 

6.84 

3.53 

0.60 

7.63 

2044 

3.41 

0.13 

3.90 

4.26 

0.25 

5.68 

2105 

3.89 

4,62 

12.77 

4,00 

2.63 

12.51 

2113 

4.05 

6.74 

14.48 

4,36 

4.72 

15.20 

2131 

2.98 

8,94 

15.91 

3.91 

3.64 

13.94 

2147 

2.93 

- 

- 

4.50 

4.85 

15.33 

2206 

2.75 

- 

- 

4.26 

1.39 

10.10 

2305 

3.43 

- 

- 

4.64 

0.88 

8.69 

k30 


Table  13.  e and  u*  Values  for  10  August  1976 


TIME 

GMT 

IT 

1 

(M/SEC) 

2*^1  3 

(CM  /SEC  ) 

1 

(CM/SEC) 

<^2 

(M/SEC) 

2^2  3 

(CM  /SEC  ) 

u* 

2 

(CM/SEC) 

0108 

_ 

• 

• 

4.22 

0.21 

5,35 

0156 

4.80 

1.01 

7.68 

5.65 

1.04 

9.17 

1112 

7.09 

3.87 

12.04 

7.54 

2.22 

11,82 

1741 

3.46 

6.23 

14.11 

3.58 

3.40 

13.63 

1800 

3.33 

5.10 

13.20 

3.66 

1.73 

10,88 

1810 

3.61 

5.41 

13.46 

3.78 

1.78 

10.98 

1835 

3.23 

7.04 

14.70 

3.56 

2.40 

12,12 

2044 

6.41 

7.11 

14.74 

6.99 

- 

- 

2100 

5.74 

- 

- 

6.26 

3.79 

14.12 

2125 

5.51 

- 

- 

6.50 

4.64 

15.12 

2134 

6.34 

- 

- 

6.34 

5.40 

15.90 

2200 

6.94 

18.00 

20.10 

7.14 

- 

- 

2211 

6.83 

- 

- 

7.32 

5.14 

15.63 

2230 

6.48 

14.31 

18.62 

7.72 

6.39 

16.81 

2300 

5.96 

15.91 

19.29 

6.76 

4.04 

14.43 

U31 


r 

Table  14.  e and  u*  Values 

for  11  August  1976 

TIME 

GMT 

F 

1 

(M/SEC) 

3 

(CM  /SEC  ) 

1 

(CM/SEC) 

>^2 

(M/SEC) 

2^2  3 

(CM  /SEC  ) 

u* 

2 

(CM/SEC) 

0001 

5.98 

18.97 

20.45 

6.45 

9.21 

18.99 

0106 

7.51 

19.18 

20.53 

7.82 

9.12 

18.93 

0217 

5.42 

24.78 

22.36 

6.10 

14.75 

22.22 

0238 

6.10 

13.64 

18.32 

6.85 

- 

j 

0341 

5.13 

- 

- 

5.74 

4.98 

15.47  j 

0348 

5.25 

- 

- 

5.84 

7.13 

17.44  1 

0412 

4.97 

- 

- 

5.44 

11.29 

20.32 

0425 

4.52 

- 

- 

5.30 

6.58 

16.98 

0439 

4.24 

- 

- 

5.13 

5.39 

15.89 

0447 

4.50 

- 

- 

4.71 

3.56 

13.83 

0502 

4.05 

- 

- 

5.44 

2.39 

12.11 

0522 

4.85 

- 

- 

5.46 

1.20 

9.63 

0530 

4.05 

- 

- 

5.35 

0.59 

7.60 

0551 

3.63 

- 

- 

4.71 

1.26 

9.79 

0624 

3.78 

- 

- 

4.33 

1.18 

9.58 

0639 

6.12 

- 

- 

6.81 

1.44 

10.23 

0717 

4.75 

- 

- 

5.72 

0.0059 

1.64 

0719 

4.14 

- 

- 

5.11 

0.40 

6.69 

0731 

4.36 

- 

- 

4.80 

0.11 

4.40 

0800 

4.10 

. 

5.21 

0.07 

3.78  » 

VII.  tempekature  structure  parameter  calculations 

Because  of  the  recent  Interest  in  the  propagation  of  optical  oeams  in  the 
marine  boundary  layer,  calculations  of  tne  temperature  structure  parameter 
are  made  to  provide  information  on  its  variation  throughout  the 
cruise.  No  attempt  is  maae  to  present  the  values  of  C<p^  with  the  existence 
or  non-existence  of  fog  or  with  thermal  stability. 

The  most  importan*.  parorr.eter  needed  in  describing  a turbulent  atmospheric 
path  for  an  optical  beam  is  tne  refractive  index  structure  parameter  . 
For  example,  the  log-amplitude  variance  of  a spherical  wave,  propagated 
over  a horizontal  path  of  uniform  and  length  d is  given  by 

(d) 

wnere A is  the  optical  wave  length.^  The  derivation  of  equation  (3)  is 
based  on  the  power  spectrum  resulting  from  Kolmogorov's  hypotheses 
previously  mentioned  and  on  perturbation  theory.  Its  use  is  restricted 
to  low  power  beams  over  propagation  paths  greater  than  the  range  of 
validity  of  geometeic  optics,  i.e.,  greater  than  (L^)^/;^  where  Lq  is  the 
so-called  inner  scale  of  turbulence.  For  visible  beams,  it  can  be  used 
when  the  propagation  path  length  is  greater  than  about  200  meters  since 

The  refractive  index  structure 
is  tne  variance  of  the  refractive  index  variations. 

Friehe  and  LaRue^  have  derived  an  expression  for  involving  the 
variance  of  temperature,  the  variance  of  humidity,  and  the  co-variance 


Lq  is  of  the  order  of  a centimeter  or  less, 
parameter 


of  temperature  and  humidity,  C and  C 


Tq’ 


aCn 


bCiTq 


cCq2 


respectively, 

(U) 


where  a,  b,  and  c are  coefficients  depending  on  the  mean  values  of  tempera- 
ture, pressure,  and  humidity.  Equation  (U)  is  valid  for  small  fluctuations 
in  temperature,  pressure  and  humidity  and  actually  neglects  the  effect  of 
pressure  fluctuations  entirely.  The  values  of  C’rp2,  and  C^q  can  be 

related  to  the  power  spectra  of  temperature  and  humidity  and  the  co-spectrum 
of  T and  q,  respectively,  as 

♦ = 0.25  C 2 k-5/3  15) 

t>  q(k)  = 0.25  Cq2  k “5/3  (6) 

4>Tq(K)  = 0.25  C.^.q  k-5/3  a) 

where  *t>ip(k),  ^>qik),  and  ^ipqik)  are  spectral  estimates  at  wavenumber  k. 


1.  Fried,  D.  L. , Journal  of  the  Optical  Society  of  America,  Vol.  5f, 

No.  2,  page  175  (1967) 

2.  Friehe,  C.  A.  ana  LaHue,  J.  C. , Dependence  of  Optical  Refractive 
Index  on  Humidity  and  Temperature,  presented  at  Topical  Meeting 

on  Optical  Propagation  Through  Turbulence,  Univ.  of  Colo.,  9-11  Juiy  197h. 
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Friehe,  et  al  found  irom  over-ocean  (FLIr)  data  that  the  temperature 

power  spectrum  accounts  for  practically  all  of  the  refractive  index 

power  spectrum.  Therefore,  equation  (5)  and  equation  (h)  can  be  used 

to  caxculate  values  of  C 2 where 

n 

0^2  = 77.6  X 10-^(f/T2)(i+^.-QgT^^)  (8) 

and  t'  is  atmospheric  pressure. 


p 

The  present  analysis  involves  simply  calculating  values  of  C.j^,  using 
equation  ^5)  and  spectra  of  the  type  found  in  Fig.  7.  Applying  Taylor's 
hypothesis  to  equation  (>)  yields 

q.2  = 4.0  f5/->^(f) 


where  't>„(f)  is  the  power  spectral  density  of  the  atmospheric  temperature 
fluctuations . 


The  calculated  values  of  |>rp(20)  and  c at  both  levels  are  presented  in 
Tables  15  through  24.  <l>^{20)  refers  to  the  power  spectral  density  value 

at  f = 20  Hz.  The  subscripts!  and  2 again  refer  to  levels  1 and  2 
respectively.  All  values  of  0,^^,  are  included  where  there  is  at  least 
some  section  of  the  temperature_spectrum  which  follows  a -5/3  slope  and 
where  a corresponding  value  of  U is  available. 


3.  Friehe,  C.A. , et.  al. , Effects  of  Temperature  and  Huinidity  fluctuations 
on  the  Optical  Refractive  Index  in  the  Marine  Boundary  Layer,  Journal 
of  the  Optical  Society  of  America,  Vol.  65,  No.  12,  Dec  ly75- 

4.  Ochs,  G.R.,  Bergman,  R.R. , and  Snyder,  J.R.,  Laser  Beam  Scintillation 
over  Horizontal  Paths  from  5.5  km  to  1U5  Km,  Journal  of  the  Optical 
Society  of  America,  February  1969. 
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Tabl«  15.  Values  of  and  Cf  for  31  July  1976 


r 


TIME 

GMT 

*Ti(*«)a  1o”‘ 
*C*  sec 

2 -3 

Ct,x  10 

•cVm 

*C  ^ sec 

2 .t 

X 10  ' 

•cV^’ 

2030 

15 

12 

28 

23 

2230 

1.5 

0.69 

- 

- 

Table  16.  Values  of  ^ZO)  and  for  1 August  1976 


0039 

- 

- 

0.20 

0.094 

0230 

7.7 

5.4 

28. 

19 

0340 

4.9 

4.0 

22 

18 

0430 

1.2 

1.0 

7.1 

5.9 

0558 

12. 

5.6 

17 

7.2 

07  04 

0.98 

0.46 

1.2 

0.53 

0830 

0.98 

0.53 

2.2> 

1.1 

0936 

0.12 

0.075 

0.90 

0.52 

1312 

2.4 

1.2 

- 

- 

1602 

1.2 

0.64 

- 

- 

1821 

0.2*4 

0.16 

- 

- 

2038 

1.5 

0.69 

- 

- 

2245 

0.98 

0.47 

m 

- 

Tabic  10.  Values  of  i>j(20)  and  for  3 August  1976  (cont'd) 


TIME 

GMT 

^Ti(20)x  lo’^ 
see 

2 -3 

Ct  X 10 
• l 

V/n  2^3 

^T2(^°)x10'^ 
®C  ^ sec 

2 -3 

Ct  X 10  ^ 

0712 

9.8 

7.5 

17 

12 

1209 

7.8 

4.2 

17 

9.0 

1457 

7.8 

3.6 

22 

9.2 

1521 

4.9 

2.2 

8.0 

3.3 

1547 

0.22 

0.097 

1.4 

0.57 

1640 

0,24 

O.IO 

1.4 

0.57 

1840 

0.39 

0.16 

1.4 

0.53 

1927 

4.4 

1.8 

14 

5.6 

1936 

6.2 

2.5 

14 

5.3 

1947 

2.7 

1.1 

4.5 

1.6 

1955 

2.4 

1.0 

9.0 

3.3 

2046 

1.2 

0.5 

11 

4.2. 

2054 

3.9 

1.4 

17 

7.4 

2109 

13 

5.4 

31 

11 

2140 

12 

4.7 

28 

10 

221.8 

6.2 

2.2 

17 

- 

2330 

4.4 

1.7 

14 

5.1 

2400 

11 

4.3 

17 

6.4 

Table  19.  Values  of  <{iy(20)  and  C|  for  4 August  1976 

0030 

4.9 

1.8 

14 

4.9 

0100 

3.1 

1.1 

8.0 

2.6 

0205 

0.98 

0.39 

2.8 

1.0 

0230 

- 

- 

0.18 

0.10 

0303 

1.9 

1.3 

5.0 

3.0 

0400 

0.78 

0.57 

2.8 

1.5 

0459 

0.49 

0.33 

2.8 

- 

0534 

2.7 

1.7 

5.0 

- 

0620 

0.98 

m 

5.0 

- 

0954 

1.2 

0.6£ 

3.1 
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Tible  20.  Values  of  4'-j-(20)  and  C|  for  7 August  1976 


TiriE 

GMT 

^Ti(20)x  lo”^ 
sec 

2 -3 

’0 

V/n  2''s 

^2(2°)x10"^ 
C sec 

2 -3 

Ct  X 10  •* 
‘2 

u m 

1150 

1.8 

1.2 

• 

• 

Table  21. 

Values  of  <j'-]-(20)  and  for  8 August 

1976 

0300 

• 

- 

0.58 

0.50 

0430 

1.3 

1.1 

- 

- 

0457 

0.82 

0.70 

- 

- 

0505 

0.82 

0.71 

0.29 

0.25 

0526 

0.82 

0.66 

0.58 

0.45 

0542 

0.52 

0.39 

0.46 

0.34 

0620 

0.82 

0.59 

0.29 

0.20 

0754 

- 

- 

0.23 

0.1£ 

1028 

- 

- 

0.46 

0.25 

1053 

- 

- 

0.18 

o.n 

1130 

- 

- 

0.29 

0.15 

1140 

0.25 

0.13 

0.29 

0.14 

1200 

0.65 

0.30 

0.81 

0.35 

1210 

0.65 

0.30 

0.91 

0.39 

1303 

1.2 

0.28- 

1.8 

0.74 

1330 

- 

- 

0.46 

0.19 

1407 

1.3 

0.56 

1.1 

0.49 

1452 

1.3 

0.60 

1.1 

0.52 

1552 

2.0 

0.96 

1.8 

0.86 

1640 

5.2 

2.6 

5.1 

2.5 

1755 

4.6 

3.9 

2.0 

1.6 

1911 

1.4 

1.0 

0.46 

0.33 

1924 

1.1 

0.77 

0.51 

0.34 

1930 

1.0 

0.71 

0.91 

0.62 

1958 

3.8 

1.3 

3.8 

1.3 

1704 

2.3 

1.6 

3.8 

0.12 

Table  22.  Values  of  4--j-(20)  and  for  9 August  1976 


TIME 

GMT 

*Ti(20)x  lo'® 
sec 

2 -3 

Ct^x  10 

'cVm 

♦T2(20)x10‘^ 
®C  ^ sec 

2 -3 

Ct  X 10 

0220 

- 

- 

1.1 

0.78 

0225 

2.0 

1.4 

1.2 

0.85 

0240 

1.0 

0.67 

0.73 

0.44 

0254 

1.3 

0.87 

0.91 

0,57 

0303 

0.82 

0.58 

0.58 

0.37 

0356 

- 

- 

0.51 

0.35 

0452 

- 

- 

0.36 

0.25 

0501 

- 

- 

0.29 

0.20 

0512 

0.52 

0.41 

0.36 

0.27 

0522 

- 

- 

0.32 

0.24 

0910 

0.16 

0.10 

- 

- 

0952 

- 

- 

0.91 

0.47 

1053 

1.3 

0.76 

0.81 

0.45 

1145 

1.6 

0.97 

1.1 

0.65 

1230 

2.0 

1.4 

- 

- 

1330 

0.52 

0.43 

- 

- 

1400 

3.2 

2.3 

- 

- 

1445 

1.6 

1.3 

0.91 

0.70 

1545 

- 

- 

0.14 

0.13 

1645 

0.52 

0.51 

0.81 

0.66 

1736 

0.52 

0.50 

0.91 

0.78 

1843 

0.92 

0.85 

0.81 

0.70 

2105 

- 

m 

0.10 

0.082 

2113 

. 

m 

0.058 

0.044 

Tablf  23.  Values  of  *y(20)  and  for  10  Aufust  1576 


TIME 

GMT 

^Ti(20)x  lo'^ 
sec 

2 -3 

Cy  X 10 
‘1 

®CVm  2/3 

^T2(20)x10'^ 
®C  ^ sec 

4 X 10-’ 

0108 

0.41 

0.29 

- 

- 

1112 

5.2 

2.8 

- 

- 

1741 

2.0 

1.8 

- 

- 

1800 

2.3 

2.0 

m 

m 

1810 

2.0 

1.7 

- 

- 

1835 

0.82 

Or.75 

- 

- 

2044 

2.0 

1.3 

- 

m 

2100 

0.65 

0.41 

- 

- 

2110 

2.6 

1.5 

- 

- 

2230 

0.26 

0.15 

0.65 

0.33 

2300 

2.0 

1.2 

1.8 

1.0 

mmmmm 


Table  24.  Values  of  vj(20)  and  Cj  for  11  August  1976 


TIME 

GMT 

♦Ti(2i>)x  1o"‘ 
•r/  sec 

2 -3 

Ct  X 10 
‘ 1 

^T2(20)x10"^ 
°c  ^ sec 

2 -3 

Ct  X 10  ^ 

0001 

0.32 

0.20 

0.46 

0.26 

0106 

1.4 

0.76 

0.81 

0.41 

0217 

4.1 

2.6 

5.1 

3.1 

0238 

0.41 

0.24 

- 

- 

0250 

- 

- 

0.91 

0.50 

0259 

m 

- 

0.91 

0.51 

0313 

m 

- 

2.9 

1.6 

0329 

- 

- 

1.1 

0.71 

0341 

- 

- 

0.81 

0.51 

0348 

- 

- 

1.4 

0.90 

0412 

m 

- 

0.91 

0.59 

0425 

m 

- 

0.91 

o.6o: 

0439 

m 

- 

0.81 

0.55, 

0447 

- 

- 

0.91 

0.65 

0502 

1.6 

1.2 

3.6 

2.3 

0522 

- 

- 

0.51 

0.33 

0530 

- 

- 

0.29 

0.19 

0639 

- 

- 

0.91 

0.51 

0712 

0.41 

0.28 

0.14 

0.092 

0717 

0.82 

0.5S 

0.29 

0.18 

0719 

0.65 

0.50 

0.36 

0.24 

0731 

1.0 

0.78 

2.3 

1.6 

8000 

0.32 

0.25 

0.58 

0.33 

Atmospheric  Electricity  Measurements 


Robert  V . Anderson 
Naval  Research  Laboratory 


I . Measurements 

Measurements  of  electrical  parameters  were  made  during  the  cruise  to 
test  the  atmospheric  electric  fog  effect  and  to  evaluate  the  usefulness 
of  electrical  recordings  as  indicators  of  atmospheric  turbulent  mixing. 

The  fog  effect  has  been  studied  by  r.'jmerous  investigators  (see  Dclezalek, 
1963  and  Anderson  & Trent,  1966)  with  the  general  conclusion  that  a 
recording  of  atmospheric  electrical  conductivity  does  give  a valid  short 
term  fog  forecast,  but  there  has  been  an  almost  total  lack  of  simultaneous 
in  situ  micrometeorologicai  and  aerosol  observations  with  which  to 
augment  the  simple  observed  correlations.  The  existence  of  strong 
relationships  between  turbulent  mixing  in  the  boundary  layer  and  atmospheric 
electricity  has  been  long  recognized.  Codification  of  this  into  viable 
models  has  only  now  begun  to  occur,  however  (Anderson,  1976).  The 
measurements  aboard  USNS  Hayes  were  made  in  an  attempt  to  evaluate 
existing  analytical  models  and  to  gain  insight  where  possible  into 
improvements,  corrections,  and  extensions  to  these  models. 

Measurements  were  made  of  atmospheric  electric  conductivity,  space  charge 
density,  electrical  "potential  gradient",  wind  velocity  fluctuations,  ana 
vertical  motions  of  the  ship  itself.  The  instrument  sensors  were  mounted 
atop  a 15-foot  tower  mounted  on  the  pilot  house  roof.  The  tower  is  shown 
in  Figure  1.  The  positive  and  negative  ion  conductivities  were  measured 
with  aspirated  Gerdien-type  cylindrical  capacitors,  the  space  charge 
density  with  an  aspirated  Obolensky  filter,  and  electrostatic  potential 
with  a Polonium  probe  antenna  2.2  m above  the  tower;  wind  fluctuations 
were  measured  with  two  hot  wire  sensors  at  tower  top,  and  snip  motions  were 
monitored  with  a vertical  axis  accelerometer  and  a vertical  rate  gyro.  All 
data  were  passed  through  low  pass  filters  to  preclude  aliasing  problems, 
and  the  filtered  analog  signals  were  sampled,  digitized,  and  recorded  at 
a rate  of  one  scan  per  second  in  the  computer  facility.  A second  set  of 
filters,  scanners,  and  digitizers  was  available  for  occasional  use  in 
which  the  recording  was  accomplished  at  a rate  of  lUO  scans  per  second. 

The  rate  of  tape  consumption  at  this  data  rate  limited  its  use  to  infrequent 
snort  periods. 

Programs  were  included  in  the  computer  system  with  whicn  to  obtain  real 
time  displays  of  any  one  recorded  parameter,  and  with  which  any  parameter 
might  be  analyzed  for  its  Fourier  power  spectrum.  Roth  cathode  ray 
oscilloscope  and  hard  copy  displays  of  these  analyses  were  available  as 
required.  All  the  data  was  recorded  on  digital  magnetic  tape  for  subsequent 
analysis . 


UU2 


Even  at  the  low  rate  of  one  scan  per  second,  a voliune  of  observations  is 
accumulated  which  precludes  any  total  presentation  in  this  report.  What 
has  been  done,  therefore,  is  to  select  several  situations  in  which  the 
ship  passed  into  a fog  and  show  some  representative  data  traces  centered 
on  the  time  of  entry  into  the  fog  and  then  to  present  some  analysis  and 
discussion  of  this  data.  Analysis  of  the  remainder  of  the  observations  is 
continuing  with  emphasis  on  quemtitative  identification  of  correlations 
between  the  various  electrical  parameters  and  between  them  and  observed 
microraeteoroiogical  data. 

II.  DATA 

Three  fog  events  were  selected  for  display.  Their  onset  times  were  roughly 
8 August  1000,  8 August  1900,  and  9 August  IfOO,  Eastern  Daylight  Time. 

The  data  recordings  were  found  to  be  strongly  contaminated  by  noise 
impulses  whose  occurrences  correlated  to  some  extent  with  radio  trans- 
missions from  the  ship.  The  recordings  of  conductivity,  electrostatic 
potential,  and  space  charge  density  for  these  three  fog  events  have  been 
plotted  for  a four-hour  period  centered  on  the  onset  time  and  are  shown 
in  Figures  2-13. 

In  order  to  obtain  valid  Fourier  power  spectra  of  these  parameters,  time 
periods  within  the  displayed  intervals  were  selected  which  were  free  of 
impulse  noise.  The  resultant  spectra  are  presented  in  Figures  14-25. 
Finally,  typical  spectra  of  vertical  acceleration  and  velocity  are  shown 
in  Figures  26  and  27,  respectively.  The  dominant  periodicity  of  the  snip 
motions  is  quite  apparent  in  these  analyses. 

III.  DISCUSSION 

It  would  be  both  foolnardy  and  impossible  to  attempt  a thorough  analysis  of 
the  results  on  a fractional  sample  as  small  as  that  presented  herein. 
Nevertheless,  a few  obvious  comments  should  be  made.  The  first  is  the 
urgent  need  to  eliminate  or  suppress  the  noise  spikes.  Preferably  this 
should  be  accomplished  at  the  source  if  possible  through  extensive  use  of 
shielding  and  bypassing;  but  in  the  likely  event  that  such  measures  do  not 
eliminate  the  problem,  a computational  algorithm  must  be  developed  with 
which  to  suppress  data  so  contaminated.  A decrease  in  negative  conductivity 
is  seen  at  about  0bU5  on  8 A\igust  which  is  in  the  form  of  the  "classical" 
fog  precursor . 

The  power  spectra  of  electrostatic  potential  and  space  charge  density  shown 
in  Figures  lU-25  exhibit  several  interesting  features.  A strong  effect  by 
ship  motions  is  apparent  in  Figures/f-SW  while  absent  in  the  rest.  This 
indicates  the  necessity  of  recording  ship  motion  data  whenever  any  sampling 
process  is  employed  which  might  depend  in  any  manner  upon  height  and/or 
orientation.  It  is  plausible  that  even  mechanical  collection  devices  will 
vary  their  efficiencies  as  the  exposure  and  aspect  is  altered.  It  is  also 
seen  tnat  the  fluctuation  magnitudes  show  variations  which  seem  to  be 
dependent  on  time  of  day  rather  than  on  fog  versus  no  fog.  The  spectral 
amplitudes  are  greater  at  0900  and  1510  than  at  0600  and  i805  on  8 August, 
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even  though  this  yields  no  correlation  with  fog  existence.  There  seems  to 
be  a greater  level  of  activity  in  the  midday  hours.  No  spectra  of  con- 
ductivity data  were  computed  in  time  for  inclusion  in  tnis  report,  but  it 
was  possible  to  see  the  influence  of  ship  motion  in  these  also.  It 
should  also  be  noted  tnat  a few  of  the  spectra  apparentxy  do  not  roll  off 
as  rapidly  with  frequency  as  might  be  expected.  This  could  oe  the  result 
of  noise  impulses  wnich  did  not  appear  on  the  time  plots  because  of  the 
averaging  used  in  their  preparation.  A final  analysis  must  therefore  test 
the  raw  data  with  some  noise  detection  algoritnm  il'  valid  spectra  are  to 
result . 

In  conclusion  it  must  be  stated  that  the  data  presentations  given  here 
represent  only  a fraction  of  that  which  is  possible  and  represent  the 
author's  specific  needs  and  interests.  Tne  complete  data  recordings  exist 
as  described  and  can  be  made  available  in  some  reasonable  form  to  other 
users.  Analyses  presently  contemplated  include  computation  of  correlation 
spectra  between  parameters,  attempting  to  establish  relationships  between 
this  data  and  observations  of  other  parameters,  and  the  removal  of 
obvious  processes  such  as  ship  motion  to  expose  phenomena  whose  existence 
mignt  be  masked  by  the  amplitude  of  tne  motion's  effect. 
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Figure  Positive  conductivity  0600-1000  FDT  8 August  1975. 
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Figure  3.  Positive  conductivity  1700-2100  FDT  8 August  1975. 
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Figure  4.  Positive  conductivity  1510-1910  FDT  9 August  1975. 
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Figure  5.  Negative  conductivity  0600-1000  EOT  8 August  1975. 
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Figure  6.  Negative  conductivity  1700-2100  fiDT  8 August  1975. 
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Figure  7.  Negative  conductivity  15)0-19/0  EOT  8 Aiogust  1975. 


TIME  AXIS 

Figure  8,  Electric  potential  0600-1000  EDT  8 August  1975* 
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Figure  9.  Electric  potential  1700-2100  EDT  8 August  1975. 
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Figure  10.  Electric  potential  1510-1910  EI7T  9 August  1975. 
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Figure  11, 


Figure  12. 


Figure  13, 
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Space  charge  density  0600-KXX)  FDT  8 August  1975. 
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Space  charge  density  1700-2100  EOT  8 August  1975. 
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Space  charge  density  1510-1910  EOT  9 August  1975. 
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Flgxire  14*  Power  spectmm  of  electric  potential  In  the  morning  of 
8 August  before  fog. 
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Figure  15.  Power  spectrum  of  electric  potential  in  the  morning  of 
8 August  in  fog.  , ^ 
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Flgiire  16.  Power  spectrum  of  space  charge  density  in  the  morning  of 
8 August  before  fog,  
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Figure  17a  Power  spectrum  of  space  charge  density  in  the  morning  of 
8 August  in  fog. 
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Figure  18.  Power  spectrum  of  electric  potential  In  the  afternoon  of 
8 August  before  fog* 
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Figure  19*  Power  spectrum  of  electric  potential  In  the  afternoon  of 
8 August  in  fog* 


r 


PO^JER  SPECTRUM  OF  SPPCE  CHRRGE  DENSI'^Y 


M 

0, 


N; ZOAB 

ATi  1 .00 

f MPX:  0 

Afj  0.00049 
OfiY.-  220 
I |M£ . 1 7:0  -0 


FREQUENCY  1 1 


Figure  20m  Power  spectrum  of  space  charge  density  In  the  afternoon  of 
8 August  before  fog. 
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Figure  21.  Power  spectrum  of  space  charge  density  In  the  afternoon  of 
8 August  In  fog. 
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Figure  ^2.  Power  spectrum  of  electric  potential  on  9 August  before  fog. 
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Figure  ?3«  Power  spectrum  of  electric  potential  on  9 August  In  fog, 
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Power  spectrum  of  space  charge  density  on  9 August  before  fog. 
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Figure  ?.5,  Power  spectrum  of  space  cheurge  density  on  9 August  in  fog 


Fog  Chemical  Data 

Hayes  Fog  Cruise  of  July-August  1975 

David  J.  Bressan 
ChemicaJ  Oceanography  Branch 
U.  0.  Naval  Research  J.aboratory 


The  Chemical  Oceanography  Branch  of  the  Naval  Research  Laboratory  has  been 
supporting  studies  of  the  chemistry  of  marine  aerosols  and  related  parameters, 
with  real-time  evaluation  of  the  chemical  nature  of  these  aerosols  as  a 
primary  goal.  Modern  studies  of  marine  fogs  have  generated  an  interest  in 
the  chemical  nature  of  aerosols  which  act  as  condensation  nuclei.  This 
report  presents  chemical  and  related  data  collected  during  the  July-August 
1975  Fog  Research  Cruise  of  the  USNS  Hayes.  The  instruments  were  located 
above  the  pilot  house  unless  otherwise  specified. 

RtLATED  data 


A Gardner  Aitkin  Nuclei  counter  was  used  to  evaluate  particle  numbers  at 
two  hour  intervals.  Fig.  1.  In  general  these  numbers  are  above  ! ,000  when 
continental  air  is  encountered  at  sea,  between  200  and  LOO  for  relatively 
clean  marine  air,  and  below  150  when  in  fog. 

A model  I56O  MRI  Integrating  Nephelometer , with  a heating  tube,  provided 
the  data  shown  in  Fig.  2.  I'his  was  hand  digitized  to  ± O.OJ  units  from  a 
strip  chart  recorder  at  hourly  intervals,  or  at  shorter  intervals  when 
short  term  peaks  were  encountered.  Unlike  for  the  Gardner  co'inter,  the 
presence  of  fog  or  haze  does  not  mask  the  particle  counts,  as  the  measurements 
are  made  on  the  scattered  light  from  the  dried  particles.  Readings  above 
about  0.2  are  interpreted  as  indicating  the  presence  of  continental  air, 
while  pure  marine  air  gives  readings  below  about  U.l.  However,  relatively 
large  numbers  of  sea  salt  particles  can  give  sligntly  elevated  readings,  and 
continental  dust  gives  the  higher  readings  above  around  1.0.  Ship's 
exhaust  would  register  as  a very  high  peak,  but  is  normally  excluded  from 
the  instruments  except  possibly  during  some  turning  maneuvers  or  a strong 
wind  from  the  rear.  There  were  no  apparent  occurrences  of  this  on  the 
record.  The  strip  chart  recorder  for  this  machine  runs  2"  per  hour  and 
also  includes  a temperature  reading  of  the  air  inside  the  nephelometer, 
for  monitoring  the  heating  element.  Xerox  copies  of  any  portion  of  this 
strip  chart  as  well  as  the  other  strip  charts  and  data  referenced  in  this 
section  of  the  report  can  be  obtained  from  this  author  or  through  the  editors. 

A pair  of  mercury  thermometers,  one  wet  and  one  dry  bulb  continuously 
aspirated  by  a muffin  fan,  was  used  to  make  the  measurements  leading  to 
the  calculated  total  water  vapor  load  of  the  air  as  shown  in  Fig.  3.  It 
should  be  noted  that  these  thermometers  were  not  completely  protected  from 
solar  heating,  but  total  water  vapor  calculations  can  be  made  independently 
of  this. 
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Also  shoim  in  Fig.  3 is  temperature  data  taken  with  a barnes  Instrument 
Co.  PR'i'-lOL  infrai'ed  radiometer.  The  graph  shows  the  difi'erences  of  sea 
surface  temperature  minus  the  overhead  sky  temperature  as  seen  by  the 
device.  The  overhead  temperature  is  usually  that  of  the  fuse  oi'  overlying 
stratus  or  cumulus  cloud  cover. 

The  uata  for  Fig.  3 were  taken  at  two-hour  intervals  on  a log  sheet, 
which  includes  additional  infrared  radiom.etric  temperatures  at  -10°, 

+10°,  +30°,  and  +60°  with  respect  to  the  horizon,  the  wet  and  dry  bulb 
tem.peratures  with  calculated  % RH  and  total  water  vapor  ioad,  the  Gardner 
counts,  % cloud  cover,  f white  cap  coverage,  eyeball  estimates  of 
visibility,  the  ship's  and  relative  wind's  speed  and  heading,  and  coimnents. 

SALT  DATA 

for  this  cruise  a device  was  designed  and  constructed  to  continuously 
collect  fog  samples  and  to  measure  the  conductivity  and  volume  ol  the  log 
water  collected  by  2 ml  Increments. 

In  operation,  foggy  air  is  sampled  at  the  rate  of  h0-k2  M^/iO  m.in.  , passing, 
through  two  nylon  meshes  in  tandem  on  which  the  fog  is  collected.  The 
water  runs  down  into  a conductivity  cell  which  fills  to  ml  volume  before 
being  emptied  by  a siphon,  wliich  is  self-primed  when  the  water  in  the  cell 
reaches  the  proper  level.  The  time  reeded  for  acquiring  2 ml  to  fill  the 
cell  is  seen  by  the  buildup  of  the  conductivity  reading,  and  takes  2 to 
20  minutes  depending  on  fog  density.  Since  the  ceil  empties  in  3 to  5 
seconds,  the  time  between  successive  downward-going  spikes  (cell  emptyings) 
is  essentially'  the  filling  time.  from,  these  numbers  it  can  be  seen  that 
each  downward-going  spike  in  a 10-minute  period  represents  0.050  g of  liquid 
water/m^  of  foggy  air.  The  output  is  expressed  as  NaCl  concentration  of 
the  solution,  not  its  conductivity,  due  to  calibration  of  the  system  with 
NaCl  standard  solutions. 


Figure  shows  the  strip  chart  output  record  for  this  device  over  the 
period  specified.  Calibrations  for  salt  content  of  the  fog  water  are 
shown  at  the  right.  Note  that  time  moves  from  right  to  left  at  ;i"/hour,  and 
that  the  real-! ime  data  shows  both  the  length  of  time  to  acquire  2 ml  of 
liquid  water  and  the  salt  concentration  of  that  water  as  surmised  from  its 
conductivity'.  An  algorithm  was  also  devised  for  computing  ug  salt/M-^  of 
air  from  the  strip  chart.  It  is  simply;  ug,  salt/M'^«:j  ug  NaCl/ml  x 
Vl/spacing  between  successive  downward-going  spikes,  in  6Uths  of  an  inch; 

X I.OC,  for  a strip  chart  spacing  of  2"/hr. 

All  the  computations  of  (salt  and  water)/M^  air  have  been  tabulated  on 
an  liourly  basis  and  t'rer.ented  graphically  In  Figures  5-))  f"r  Uiose  periodi; 
d\ifing  whic)i  the  device  operated  effect! vely . 


CUmiCAL  DATA 


The  feg  samples  collected  by  the  device  mentioned  in  the  previous  para- 
graph were  analyzed  for  most  of  the  major  ionic  components  and  are  presented 
as  samples  1-15  of  Table  1.  Sai.iples  16-22  of  tnat  Table  ai'e  from  a 
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fog-collecting  panel  or  IM  nylon  il,2)  mesh  of  the  type  used  in  the  fog 
conductivity  meter.  The  mesh  panel  was  exposed  on  the  right  bow  Jack-staff 
of  the  HiiYEB  about  y meters  above  the  water  line,  while  the  fog  conductivity 
meter  was  on  top  of  the  pilot  house,  collecting  samples  about  i6  meters 
above  the  water  line.  This  sampler,  however,  may  have  caught  rising  air 
from  the  12-meter  level  pushed  by  the  ship's  motion.  This  is  inferred 
^Dr.  deck,  personnel  communication)  from  wind  tunnel  tests.  However,  there 
are  questions  involved  in  linear  scaling  from  the  model  to  the  real  ship, 
out  generally,  the  higher  level  samples  represents  a 1.5  to  1.8  height 
scale  factor  above  the  lower  level.  Also,  the  mesh  panel  collected  water 
at  rates  up  to  1200  ml/hour  while  the  fog  conductivity  device  collected 
at  rates  up  to  about  l8u  ml/hour. 

Each  sample  was  checked  for  conductivity  with  a Hach  portable  conductivity 
meter  from  which  the  estimate  of  an  expected  sodium,  chloride  concentration 
was  made  ^Col.  U).  In  the  laboratory,  unfiltered  samples  were  analyzed 
for  sodium  and  potassium  (Cols.  6&8)  by  atomic  absorption  (1,3)  spectro- 
photometry, and  from  that  result  was  computed  a percentage  ^.Col  7)  of 
sodium  found  (Col  6)  in  proportion  to  that  expected  from  conductivity  (Col 
The  sodium/potassium  ratio  was  also  computed  (Col  9)-  Column  10  presents  the 
results  of  titrations  of  chloride  by  the  Volhard  method  and  a mercury 
titration  method  using  diphenylcarbazone  as  a colorimetric  indicator. 

The  Volhard  method  is  useful  to  30  ppm  with  about  2^  = ± h ppm,  while  the 
mercury  method  was  useful  to  2 ppm  with  about  2s = + O.5  ppm.  Column  12 
gives  the  80^^=  determined  by  a Barium  nitrate  titration  followed  by  a 
turbidometric  measurement.  Two  (T  error  turned  out  to  be  + 2 ppm  or  12^, 

whichever  was  smaller  for  the  range  of  3 to  75  Ppm  S0^=.  Cl~/Na  and 

SO^/Na  ratios  are  given  in  Columns  ll  and  13.  The  pK  of  each  sample  was 

determined  by  the  glass  Junction  electrode  and  is  given  in  Col.  i^*. 

Some  note  should  be  given  regarding  the  data,  especially  for  items  in  the 
Table  marked  (l),  starting  with  the  bottom  line  which  gives  the  average 
results  for  sea  water  of  35°/00  salinity. 

Sodium  and  potassium  found  by  atomic  absorption  spectrophotometry  (Aa3) 
can  be  more  than  Just  ionic  material  in  some  cases,  even  thougn  .the  samples 
are  liquid.  It  is  thought  that  these  elements  are  also  detected  when 
they  occur  in  organic  particles,  and  some  fraction,  if  not  ±00/»,  of  their 
mass  in  dust  is  also  seen  by  the  AA  spectrophotometer.  With  this  character- 
istic of  AAS  analysis  in  mind,  it  should  be  pointed  out  that  its  analytical 
results  agree  well  with  those  obtained  by  neutron  activation  analysis  for 
duplicated  samples,  passed  through  0.1*5"  u millipore  filters  ^1*).  Therefore, 
columns  6 and  8 are  headed  Na  and  K,  and  not  Na+  and  k+  respectively,  and 
any  nonionic  Na  and  K will  effect  the  Na/K  ratio  in  Col.  y,  yielding 
additional  information  to  aid  in  the  interpretation  of  the  chemical  history 
of  the  aerosol.  Note  that  if  sea  water  solutions  are  measured  for 
conductivity  and  sodium  content , only  '76%  of  the  sodium  expected  by 
conductivity  is  actually  found,  although  salt  mass  concentration  to  con- 
ductivity relationships  are  nearly  the  same  for  both  sea  water  and  pure 
NaCl  solutions. 


It  is  expected  that  pH  is  only  accurate  to  ± 0.5  pH  units.  These  samples 
were  observed  to  contain  viable  biological  material  (5)  which  has  been 
reported  to  intei-i’ere  with  pH  detenninations  by  the  glass  electrode.  This 
response  was  reported  by  Dr.  Haier  of  Calspan  Corporation  (personnel 
communication)  and  he  rioted  it  in  human  body  fluids.  It  is  characterized 
by  slow  and  less  reproducible  resiionse  of  the  pH  meter  when  measuring  these 
samples  as  compared  to  known  buffer  solutions.  Therefore,  since  pH  is 
proportional  to  the  log  of  the  concentration  of  hydrogen  ion,  the  large 
uncertainty  make  these  measurements  useless  for  computing  a charge  and 
conductivity  halance. 

Tne  Cl/Na  ratios  are  what  we  would  expect  when  sampling  marine  aerosols 
and  rain  or  fog  conditions  (.2). 

The  data  in  the  Table  show  the  following  characteristics  of  the  aerosols 
incorporated  in  the  fog.  The  bow  (fog  kite)  samples  tend  to  show  more 
salt  than  the  pilot  house  (conductivity  meter)  samples.  All  samples  contain 
sea  foam  spray,  with  some  of  the  lower  samples  showing  evidence  of  bulk  sea 
water  (probably  large  drops,  due  to  ship's  m.otion  or  wind  spray).  The 
elemental  analyses  indicate  that  most  samples  contain  some  dust.  In  some, 
like  numbers  6,  lu,  13,  the  dust  is  relatively  inconsequential,  while  in 
others,  like  numbers  1-5,  it  is  quite  evident.  Tlie  high  S0i^=/Na  ratios  in 
almost  all  the  samples  are  interpreted  as  evidence  of  industrial  pollution. 
Some  bow  level,  fog  samples  show  substantially  lower  S0j^=/Na  ratios  than 
pilot  house  samples  taken  at  the  same  time.  Lf  it  is  assumed  the  Na  comes 
from  the  sea  surface  and  the  excess  30^=  comes  from  land,  vertical  mixing 
is  implied.  Therefore,  when  comparing  number  ti  with  number  2,  or  number  u 
with  number  lb  or  number  19,  the  factor  for  the  decrease  in  Na  with 
altitude  is  about  1.5:1  to  2.5:i.  This  implies  a vertical  di'^^'^ance  througn 
which  the  relative  concentration  of  Na  is  halved  to  be  between  3m  and  8m 
with  a 50%  error  due  to  inadequacies  of  the  data.  However,  this  does  show 
for  these  samples  a rather  steep  concentration  gradient  near  the  sea  surface. 

Since  the  fog  conductivity  meter  sampled  at  a constant  rate  of  UO  M-VlO  min. , 
overall  comparisons  can  be  made  between  samples  1-15  m Table  1,  and 
figures  5-11,  which  show  short-tenn  variations  in  salt  content  of  the  air. 
I'rom  the  figures,  one  can  estimate  at  what  times  the  bulk  of  the  salt  was 
acquired  by  the  Sfunpler,  although  each  chemical  sample  is  time-integrated 
over  the  period  of  acquisition  and  the  chemical  data  is  an  average  for  the 
period. 

First,  it  can  be  noted  that  the  salt  concentration  of  the  fog  waters  is 
independent  of  the  liquid  water  concentration  of  the  air. 

Also,  there  are  times  when  tne  salt  concentration  of  the  air  and  the 
liquid  water  concentration  of  the  air  reacli  simultaneous  maxima,  and  sc'ine 
111  Ui'uie  events  occur  when  salt  concentratioi;  of  the  fog  water  is  at  I'r 
near  a minimuir.  'Hiese  Ia1  tei'  few  observations  are  consistent  with  the 
conclusion  that  iiigher  salt  loadings  of  the  air  may  somehow  enhance  the  water 
condensation  rate  in  the  air.  (Occurrences  of  alternate  situations  show 
that  these  observations  are  not  produced  as  an  artifact  of  the  collection 
system).  However,  one  would  expect  random  events  to  show  concurrence 
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some  portion  or  the  time.  Therefore,  these  latter  observations  demonstrate 
necessary  but  insufficient  evidence  for  the  conclusion  that  salt  loading 
aifects  the  condensation  rate. 

These  and  future  fog  events  must  be  studied  on  an  individual  basis, 
where  other  variables  such  as  direction  or  wind  and  snip  motion,  age  of 
the  fog  droplets,  and  the  general  history  of  the  fog  event  can  be  compared 
and  accounted  for.  This  is  necessary  to  determine  if  the  air's  salt  load 
is  a true  controlling  variable  for  any  aspects  of  fog  or  haze  formation 
processes . 
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PREFACE 

The  primary  pui'fjose  of  this  data  report  is  to  illustrate  the  value  of 
scanning  electron  microscopy  and  energy-dispersive  x-ray  analysis  in 
determining  important  features  of  meteorologic  specimens.  All  the  data 
reported  here  were  obtained  in  the  laboratory,  using  samples  acquired 
during  the  1975’  fog  cruise  of  USNS  Hayes.  It  should  be  particularly  noted 
thp.t  the  fog  water  residues  which  are  characterized  herein  were  derived 
from  water  specimens  which  had  reen  stored  for  nearly  a year,  and  that 
any  material  which  precipitated  from  the  bulk  water  phase  during  storage 
is  not  represented  in  the  x-ray  spect'^a  reproduced  here.  The  analytical 
results  are  presented  with  minimal  interpretation  and  discussion,  to 
allow  '.bjective  study  oy  other  participants  in  the  August  1975  cruise  of 
the  ' . :NS  Hayes . 

Section  1:  BUBBLE  BURSTING  EXPERIMENTS 

1.1  Introductioi. 


On  the  sea  fog  trip  of  the  USNS  Hayes,  sea  water  was  collected  on 
11  August  1975  at  13^3  GMT.  The  sea  wp.ter  sample  was  placed  in  Duncan 
Blanchard's  bub'*''ue  aging  chamber.  IVo  experiments  were  perfonned.  The 
first  experiment  aged  the  air  bubble  for  1.2  seconds.  This  was  accom- 
plished by  having  no  coimterc^irrent  in  the  chamber.  ihe  second  experiment 
aged  the  air  bubble  for  30  seconds  it;  the  chamber. 

1.2  .'let  hods 


The  Jet  drops  were  collected  on  alumirum  foil  attached  to  a glass  slide 
support.  The  aium.inura  foil  with  the  collected  Jet  drops  was  air  dried 
on  board  ship,  wrapped  in  tissue,  sealed  in  plastic  boxes,  and  returned 
to  Calspan  for  ex --mi  nation. 

Samples  of  I’-ied  jet  drops  were  examined  by  energy  dispersive  x-ray 
analy  is  for  atomic  composition  and  photographed  wi'*'h  aij  ETEc  Scanning 
Electfon  Microsc’  V n 

'i’he  Jet  drops  were  easily  recognized  by  their  characteristic  appearance. 
’The  GE^’  appearance  of  the  dried  Jet  drops  on  the  aluminum  foil  consisted 
of  one  or  two  j.arge  crystals  and  sevemj  smalier  crystals  inside  a 
darkened  area  (see  Fig.  l). 
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Energy-dispersive  x-ray  elementa.1.  analysis  was  performed  on  the  large 
crystal  and  the  background  area  around  the  large  crystal  which  contained 
the  smaller  crystallites.  Tne  energy-dispersive  x-ray  analysis  will  only 
detect  elements  with  atomic  number  greater  than  11  (sodium;.  Therefore, 
oxides  and  nitrates  cannot  be  identified. 

1 . 3 Results  and  Discussion 

Table  i presents  the  molecular  analysis  of  the  Jet  drop  components  as 
developed  from  energy-dispersive  x-ray  analysis. 

From  surface  chemistry  principles,  it  is  expected  that  numic  acid  Tractions 
dissolved  or  suspended  within  the  sea  will  immediately  concentrate  at  the 
air-liquid  interface  as  soon  as  an  air  bubble  is  formed.  Due  to  the 
surface- Tree  energy  available  at  the  interface,  the  adsorbed  numic  acid 
vor  protein)  will  probably  denature.  This  denaturing  event  takes  a few 
seconds  to  occur.  A possible  explanation  of  the  results  of  the  Blancnard 
bubble  chamber  experiments  is  that  after  1.2  seconds  of  aging,  the  humic 
acid  has  not  denatured;  therefore,  the  inorganic  ions  that  are  carried  with 
the  Jet  drops  are  those  associated  with  the  humic  acid  in  its  native 
configuration.  However,  when  the  air  bubble  is  aged  for  30  seconds,  tne 
humic  acid  is  partially  denatured.  The  denatured  humic  acid,  during  its 
configurational  change,  will  release  its  adsorbed  cations  and  counterions. 

The  ions  which  then,  secondarily,  adsorb  to  the  denatured  humic  acid  will 
be  different.  In  this  specific  experiment,  the  native  humic  acid  carried 
primai-iy  calcium  and  potassium  cations  and  sulfate  as  the  predominant 
anion.  The  'denatured'  humic  acid  carried  primarily  sodium  chloride  with 
small  amounts  of  calcium,  potassium,  and  the  sulfate  anion  (Table  l). 

The  phenomenon  ot  transporting  molecules  and  particles  from  the  sea  to  the 
air  through  bubble  bursting  has  been  under  study  by  many  investigators. 
However,  the  differentiation  of  inorganic  ions  in  jet  drops  as  a function  of 
the  time  that  an  air  bubble  is  in  the  sea  has  not  been  investigated  hitherto. 

Section  2:  AEROSOL  SAMPLES 

Aerosol  samples  for  laboratory  analysis  were  collected  from  5 August  to 
11  August  1975  on  board  the  USNS  Hayes  using  the  "Bressan  Impactor". 

Each  sample  will  be  discussed  separately. 

2.1  Samples  on  Germanium  Prisms 

2.1.1  5 August  1975 — The  Bressan  Impactor  was  used  to  collect  aerosol 
samples  on  a germanium  prism  from  2240  to  23^0  hours.  Just  prior  to 
encountering  Fog  7.  The  visibility  went  from>  6,000  meters  to  1*500  me*er  . 
Figures  2a  and  illustrate  the  particles  collected  and  the  elemer*-.' 
analysis.  The  elemental  composition  determined  by  energj'-dispers i vr 
analysis  consisted  of  Fe,  S (presumable  SO^),  and  bi . 

2.1.2  6 August  1975 — The  sample  was  impacted  on  a germanium,  rr'  ■ 
to  l80u  hours.  The  visibility  was  greater  than  60u0  meters, 
bright  sun  shining  through  a thin  overcast,  and  calm  seas, 
contained  Si,  A1 , Fe,  K,  Ca,  and  SO^  (Fig.  31.  Jhe  ; ■ 
irregular  particles  as  well  as  some  diatoms. 
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2.1.  -i  T August  197^ — The  specimen  was  collected  on  a germanium  prism  from 
1525  to  IbOO  hours.  The  visibility  went  from  bOO  meters  to  2u0  meters 
during  this  period,  as  Fog  JO  was  penetrated.  Not  vei y many  particles 
remained,  most  having  been  lost  by  washing  with  the  fog  water.  The  particles 
contained.  Mg,  Si,  Fe , and  S (presuir.ably  SO^ ) . See  Figs.  Ua  and  4b. 

2.1.4  9 August  ly7^ — A sample  was  collected  overnight  from  9 August  to 

10  August  19T5,  between  encounters  with  Fog  12  and  Fog  13,  on  a germanium 
prism.  The  prism  was  then  leached  free  of  soluble  salts  with  distilled 
water.  The  evening  was  clear. 

The  SEi^i  analysis  showed  only  round  particles  from  0.5  to  1.0  ji  diameter, 
remaining  after  distilled  water  leaching.  The  elemental  analysis  indicated 
only  a trace  amount  of  sulfur  present.  Tne  particles  are  probably 
carboniferous  material  {see  Figures  5a  and  5b). 

d.2  Samples  on  Glass  Slides 

The  following  aerosol  samples  were  collected  on  glass  microscope  slides. 

The  elemental  composition  of  glass  includes  many  of  the  same  elements  that 
wei’e  found  in  the  aerosol  samples  obtained  on  germanium  prisms.  There: ore, 
energy  dispersive  x--ray  analysis  was  not  always  successiul  with  the  glass 
substrate  aerosol  samples,  since  unambiguous  results  could  not  be  obtained 
unless  the  glass  slides  were  heavily  coated  with  aerosol  particles. 

2.2.1  august  1975 — The  sample  was  taken  from  1210  to  13u0  hours.  Tne 
visibility  was  approximately  UOOO  meters  with  an  overcast  sky.  The  sample 
contained  several  particles  as  shown  in  rlgure  6. 

2.2.2  8 August  1975 — The  sample  was  taken  from  22Uu  to  2330  hours.  The 
visibility  was  greater  than  600u  meters  with  clear  skies  at  221,0.  However, 
oy  2330  hours,  the  USNO  Hayes  was  within  Fog  11.  There  were  only  some 
sparse  particles  remaining  alter  "washing"  of  the  impacted  aerosol  by  tne 
fog  water  (see  Figure  1). 

2-2.0  9 August  1975  (a) — The  sample  was  taken  from  1600  to  1700  hours,  ,1ust  nrior 
to  Fog  12.  The  visibility  was  greater  than  oOOO  meters.  The  sky  had  a 
dense  stratus  overcast. 

The  particles  on  tne  glass  substrate  formed  rings  with  several  more  particles 
,n."ide  the  rings.  This  indicates  that  the  original  sample  impacted  on  the 
glass  substrate  was  in  a water  droplet  form  (see  Figure  8). 

2.2.1,  y August  1975  (h) — The  sample  was  taken  from  J?35  to  200u  hours  witnin 
Fog  12.  The  sky  consisted  of  broken  clouds  with  some  sun.  The  UbNS  Hayes 
was  going  in  and  out  of  fog  patches  during  the  sampling  time.  There  were 
very  few  particle.s  collected  in  this  run  (see  Figure  9). 

2.2.5  11  August  1975  (A; — The  sample  was  taken  from  ll,5u  to  1700  hours.  The 
visibility  went  from  ItOuO  meters  to  greater  tnan  bOOO  meters  during  this 
period.  Just  exiting  Fog  15 . 
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The  sample  obtained  was  loaded  with  particulate  material.  Tne  x-ray 
elemental  analysis  indicated  the  presence  or  Na,  Mg,  Ca,  K,  (jl,  and 
b (presumaoly  See  Figure  lu. 

2.2.6  11  August  1973  (BJ — The  sample  was  taken  from  1755  to  2030  hours. 

The  visibility  was  greater  than  6000  meters.  However,  coastal  tog  was 
forming  on  the  horizon.  Tne  sample  was  taken  as  the  USNS  Hayes  approached 
Halifax,  Nova  Scotia,  Canada. 

The  sample  was  loaded  with  particles  (Figure  11).  There  was  aiso  evidence 
of  diatoms  within  tne  sample.  The  x-ray  analysis  also  indicated  the 
presence  of  aluminum  in  the  sample,  probably  from  continental  dust. 

i^.2.7  11  Angus'^  1975  (c) — The  sample  was  taken  from  20x0  to  2310  hours.  The 
visibility  went  from  4^>00  meters  to  3000  meters  diiring  this  period.  There 
was  a clear  starlit  sky  with  a near  surface  haze;  the  sea  was  calm. 

The  sample  contained  a considerable  amount  or  material.  There  was  evidence 
or  some  diatomaceous  remnants.  The  x-ray  analysis  clearly  indicated  the 
presence  of  aluminum,  reflecting  the  approach  of  the  USkS  Hayes  to  Halifax, 
Nova  Scotia.  See  Figure  12. 

2. 3 Discussion  of  General  Ooservations 


All  the  aerosol  samples  contained  some  particles.  Samples  that  were  taken 
in  fog  showed  the  least  number  of  particles.  This  is  presumably  due  to  the 
fog  water  washing  the  particulates  off  the  glass  substrate  used  in  the 
Bressan  Impactor.  As  the  aerosol  samples  were  taken  closer  to  land,  the 
concentration  of  particles  increased  dramatically.  The  "near-land"  samples 
also  contained  aluminum  and  diatoms. 

Bection  3:  ANALYSIS  OF  SEA  FOG  REblDUES 

3.1  Fnergy-Dispersive  X-Ray  Studies 

Known  volumes  of  collected  sea  fogs  were  evaporated  to  dryness  on  carbon- 
silicon  planchettes  for  subsequent  analysis  using  the  Energy-Dispersive 
X-Ray  Analyzer  in  conjunction  with  a Scanning  electron  Microscope  ^SEM). 

Tne  X-Ray  Analyzer  collects  X-Ray  photons  emitted  as  one  Interaction  of  an 
electron  beam  with  a specimen.  The  following  spectra  are  semi-quantitative 
analyses  of  the  matter  originally  dissolved  or  suspended  in  the  sea  fog. 
Using  this  technique,  recall  that  the  analysis  detects  elements  neavier  than 
and  including  sodivun.  The  efficiency  of  collection,  however,  is  not  linear 
as  one  moves  across  the  periodic  table;  and  as  a result,  the  relative 
concentrations  indicated  by  varying  peak  heights  on  the  following  spectra 
are  only  approximate.  Figure  13  characterizes  the  substrate  "blank"  and 
provides  comparison  spectra  for  seawater  residues  and  residues  from  inland 
fog  water.  Figures  lU,  15,  and  l6  characterize  the  dried  residues  irom 
North  Atlantic  fog  water  samples. 


'I'he  conditions  of  the  analysis  were  as  follows: 
Magnification  - 30  X 
Accelerating  Potential  - 20  kV 
Counting  Time  - 100  seconds 
Specimen  Tilx  - 
Working  Distance  - l6  mm 
Beam  Current  - approximately  0.55  x 10“^® 


1.2  i'og  Water  Precipitates 


Even  while  at  sea,  it  was  oDserved  that  as  the  fog  water  samples  were 
allowed  to  stand  in  sealed  containers,  flocculant  precipitates  would  form. 

Th  precipitates  were  gelatinous  in  nature.  Samples  of  the  fog  water 
precipitate  were  collected  on  a germanium  prism  for  immediate  analysis  as 
reported  elsewnere,  and  tnen  the  precipitates  were  transferred  to  glass 
slides.  All  samples  were  leached  with  distilled  water  prior  to  this  transfer. 


3.2.1  3 August  19Y5 — The  fog  water  sample  was  collected  by  NRL -Crom  l6l5  to 
1T‘(5  hours  in  log  4A.  The  precipitated  material  that  was  transferred  to 
glass  :^lides  showed  irregular  particles  (Figure  17).  The  x-ray  analysis 
■idler  ed  the  presence  of  aluminum  and  iron,  as  well  as  the  elemental 
spej'.r  m of  the  glass  substrate. 


.1.2  6 August  197  5 — The  sample  of  fog  water  was  taken  by  NftL  from  013U  to 
0330  hours  on  6 August.  The  sediment  contained  a large  amount  of  material 
of  irregular  shape  (figure  l8).  The  particulate  matter  was  not  single 
iryiitals  but  amorphorous  in  form.  Tne  x-ray  analysis  showed  the  presence 
of  aluminum  and  iron  as  well  as  the  elements  found  in  glass. 


TABLE  I.  MOLECULAR  ANALYSIS  DETERMINED  BY 
ENERGY  DISPERSIVE  X-RAY  ELEMENTAL  ANALYSIS 


INDIVIDUAL  JET  DROP  ANALYSIS 

SAMPLE 

LARGE  CRYSTAL 

BACKGROUND 

1.2  Sec  AGED  JET  DROPS 

1.  CeS04>K2S04 

1.  K2S04>CaS04 

2.  NeCI 

2.  K»Ca;Cl>S 

a K2$04>CeS04 

a K>Ca;S04~a 

4.  CaS04  >K2S04 

4.  K2S04>CaS04 

(TRACE  Mg) 

30  Sec  AGED  JET  DROPS 

1.  NaCl 

1.  MgS04~MgCl2 

2.  Naa»MgS04 

a CaS04HCCl 

a NaCl 

a Ca»Na;Cl*S 

4.  NaCl 

4.  NaCl 

5.  Naa»>Na2S04 

5.  NON  DETECTABLE 

& NaCl 

a S-^Cl 

Figure  2a  SCANNING  ELECTRON  MICROSCOPY  OF  5 AUG  75  SAMPLE  (13  X MAG) 


Figure  2b  ENERGY  DISPERSIVE  X RAY  ELEMENTAL  ANALYSIS  OF  5 AUG  75  SAMPLE 
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SEM  OF  SAMPLE  6 AUG  75  (1400  X MAG) 
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Figure  5b  X-RAY 


Figure  10  SEM  OF  11  AUG  75  (A)  SAMPLE  {128X  MAG,  45°  TILT,  20  KV) 


Figure  1 1 SEM  OF  1 1 AUG  75  (B)  SAMPLE  (520X  MAG,  45°  TILT,  20  KV) 
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Figure  15  ENERGY  DISPERSIVE  X RAY  SPECTRA  OF  DRIED  RESIDUES  FROM  0.5  ml 
ALIQUOTS  OF  NOR  TH  ATLANTIC  FOG  WATER  ON  A CARBON-SILICON 
SUBSTRATE.  FOGS  OF  5 AUG  - 8 AUG  75  OF  F THE  COAST  OF  NOVA  SCOTIA, 
CANADA 
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Figure  18  SEM  OF  6 AUG  ’5  SAMPLE  OF  SPONTANEOUS  FOG  WATER  PRECIPITATE 
(1500X  MAG,  45”  TILT,  2C  K'’. 


Infrared  Spectroscopic  Analysis  of  Sea  Fog  V/ater  Residues, 
.‘Unbient  Atmospheric  Aei’osols,  and 
Related  Samples  Collected  During  the 
UbNS  Hayes  Cruise  off  the  Coast  of  rtova  Scotia,  Canada 
2y  July  - 12  August  1975 

K.  E.  Baier 
Calspan  Corporation 


Introduction 


This  final  report  on  woiK  performed  under  Contract  No.  No0173-T6-c-005 
between  the  Naval  Researcn  Laboratory  and  Calspan  Corporation  summarizes 
and  briefly  interprets  the  findings  from  at-sea  analyses  of  marine  aerosol, 
sea  fog,  and  sea-surface  film  samples,  along  with  a number  of  related 
specimens,  collected  on  the  1975  fog  cruise  of  the  USNS  Hayes.  The  reduced 
infraied  spectroscopic  data  are  presented  in  36  well  annotated  composite 
figures,  presenting  132  separate  spectral  traces  selected  from  over  lOuO 
sucn  cnaracterizations  actually  completed.  Two  comprehensive  tables  report 
che  estimated  concentrations  of  infrared  detectable  species  in  both  the 
fog  water  samples  and  ambient  aerosol  samples  available. 

The  primary  constituents  detected  in  these  marine  fog  and  aerosol  specimens 
were  nitrogen-hydrogen  compounds;  organic  carbonates  (probably  poly- 
carboxylates ) , esters  and  proteins;  inorganic  carbonates;  nitrates; 
sulfates;  and  silicates.  It  should  be  noted  at  the  outset  that  all  constitu- 
ents of  the  various  samples  containing  these  chemical  groupings,  in  every 
state  of  organization  and  relative  solubility,  contribute  almost  equally 
to  the  broad  infrared  absorption  bands  characteristic  of  each  covalently- 
linked  atom  pair.  These  same  constituents  may,  and  probably  do,  analyze 
as  separate  components  when  wet  chemical  methods  are  utilized. 

Calibration  Spectra  and  Charts 

Figures  1 through  9 present  typical  internal  reflection  infrared  specnra  of 
resiaues  dried  from  constant  volumes  of  known  pure  salt  solutions  (in 
distillea  water)  on  the  same  germanium  prisms  utilized  for  similar  analyses 
of  fog  water  samples,  in  the  identical  Instrument  as  utilized  in  the 
laboratory,  aboard  the  UtiNS  Hayes  in  July  and  August,  197d.  Figure  10 
presents  a calibration  plot  developed  from  spectra  such  as  those  compiled 
in  figures  1 through  9,  reflecting  analyses  of  nitrate,  sulfate,  and 
carbonate  compounds  with  sodium,  potassium,  and  ammonium  ions  at  concentration 
from  10  parts  per  million  to  lOuO  parts  per  million  in  most  cases.  The 
calibration  curves  collected  in  Figure  10  show  only  concentrations  to 
2‘i0  parts  per  million  for  the  various  infrared  detectable  salt  radicals, 
but  Uie  curves  themselves  are  segments  of  those  originally  drawn  through  the 
dain  points  for  concentrations  up  to  ana  including  1000  ppm.  ihe  ca I i brat. i on 
.i!-v.r  u'tlizeii,  as  gniphed  In  Figure  !0,  were  actually  first  plottiai  for 
usi.-  on  a previous  study  (MacK  & Filie',  i973).  A conservative  estimate  of 
' reliability  tor  the  coraposit ionaj  ana.lyses  resulting  irom  reference 
■- 1 these  curves  was  provided  by  that  study. 


Import.ant  points  to  note  in  P’igures  i thrcujih  9 are  the  following; 

Contir.ued  aesiccation  of  dried  residues  of  the  pure  salts  did  not  lead  to 
;iriy  significant  ciianges  in  their  analytical  spectra,  witn  the  excejition  of 
.■umiioniujn  ni*r;;tf,  wliich  sublimes  away  completely,  and  of  inorganic 
ca  i-bonat  I ■ compourxi:'.  which  show  n significant  slii  f t,  in  their  di  -'.noi'tu- 
i !i  frar'-d  at  u- pt,  i . m bands  with  continued  drying.  in  evei'y  car.  , evdi  when 
cei't.ified  reugcnt-gr.ado  salts  wi're  originally  dissolved  in  organic-free 
iistilled  w.'iter,  trace  funounts  of  organic  re.sidues  could  be  found  al't.er 
water  rinsing  of  the  dried  salt  deposits  from  the  prisms  upon  which  ihey 
iiad  been  pl.ac;ed.  ihis  illustrates  the  sensitivity  of  the  internal 
refJection  spectroscopic  method  to  trace  organic  contaminants,  uentle 
distilled  water  leaching  or  vigorous  distilled  water  rinsing  of  such 
organic  lilms,  once  dried  onto  the  germanium  internal  reflection  plates, 
did  not  significantly  modify  their  infrared  spectra  in  band  position  or 
intensity.  The  simultaneous  presence  of  ionicaliy  bonded  salts,  notaoiy 
sodium  chloride,  aid  not  apparently  influence  the  infrared  spectra 
obtained  since  such  salts  do  not  have  absorption  bands  in  tne  region  of 
the  electromagnetic  spectrum  utilized. 

Fog  V.'ater  Residues 

Table  1 reports  the  estimated  concentrations  of  infrarea-detectacle 
species,  in  part  per  million,  within  the  dried  residues  of  fog  water 
samjiles  analyzed  both  aboard  ship  and  after  return  to  the  laboratory. 
Discrete  fog  water  samples  collected  by  Calspan  Corporation  in  small  vials 
were  analyzed,  as  well  as  composites  of  such  samples  prepared  for  use  of 
tiio  Interface  Chemistry  group  at  the  Naval  Kesearch  Laboratory,  composites 
ol'  fog  water  collected  oy  NRL  from  a bow  kite,  and  composites  of  fog  w.ater 
collected  within  NRL's  shipboard-mounted  conductivity  measured ng  device. 
Table  1 reveals  that,  in  every  case  where  identical  or  closely  related 
.samples  wore  analyzed  both  at  sea  within  the  hour  of  their  collection,  and 
in  some  cases  many  months  later  back  in  the  laboratory,  the  concentrations 
of  the  constituents  dissolved  or  suspended  in  the  fresh  fog  water  were 
substantially  higher  than  in  the  aged  samples.  Figures  11  througn  17 
document  this  loss  of  constituents  from  the  aqueous  phase,  and  prove  that  Ic 
to  have  been  the  result  of  rlccculs.tion  and  coprecipitation  of  both  organic 
ana  inorganic  fog  water  constituents  during  even  short  periods  of  storage. 
Important  points  to  note  from  Figures  11  through  IT  are  the  following; 

There  were  no  significant  cnanges  upon  reanalysis  of  the  same  fog  water 
residues  with  the  passage  of  time  (hours  to  days)  to  allow  for  continued 
drying  and/or  sublimation  of  detectable  components.  Tnus,  the  sea  fog 
water  constituents  appai'ently  include  little  ammonium  nitrate  as  contrasted 
with  inland  fogs  previously  studied  where  ammonium  nitrate  was  a major 
constituent.  Tnere  were  no  discernaole  differences  in  the  analysis  of 
;iepara.te  aliquots  of  the  same  water  sample,  illustrating  the  reproducicility 
of  both  the  drying  and  spectroscopic  techniques,  'i'hcre  was  no  significant 
degree  of  contamination  developed  during  the  evaporation  of  the  fog  water- 
aliquots,  eitner  at  sea  or  in  the  laboratory,  and  there  was  no  unacceptable 
deterioration  of  the  spectroscopic  baselines  of  the  constantly  recleaned 
prisms  utilized  throughout  the  cruise.  There  were  no  significant  aifference 
in  the  analytical  results  (obtained  eitner  at  sea  or  in  the  laboratory) 
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anwrif  rirur.pies  collected  oy  the  discrete  sampling’;  method  oi'  Calspan  uorp'.- 
ration  or  the  two  compositing  techniques  of  IJRn. 

■Ambient  Aerosol  Samples 

Bei’ore  ana  between  encounters  with  sea  fog,  an  aerosol  impaclrr  install ec 
aboard  the  USKS  Kayes  by  David  Eressan  of  the  Naval  Research  Laboratoi'y 
was  regularly  utilized  to  collect  ambient  aerosol  samples  on  tlie  face  of 
germanium  internal  reflection  prisms.  The  flew  through  tr.e  aerosol  impacter 
was  observea  to  vary  from  Kb  cubic  leet  per  minute  to  50  cubic  feet  per 
minute  as  the  impacter  inlet  port  was  variously  set  irom  sar.ple  to  sample, 
llhe  aerosol  samples  ae.icribed  and  documented  nere  arc  typical  of  all  t.hc '.e 
collectea  and  analysed  at  sea,  I'rom  a location  adjacer.’,  t-.'  Cci''"'ar' 
sampler.  The  benefit  of  the  aboard-ship  aerosol  analyse.^  by  are;, 
spectroscopy  was  that  discrete,  real  time  data  were*  made  avaiicbic  i’er 
speci;.:ens  which  required  no  extraction  or  chemical  prepara,*  or.'' . 

Taole  I'sts  the  estimated  concentrations  oi  infrared  cetectahlc  siiecier: 
nnkin.-''  u{  the  collectea  aerosols  at  sen,  with  the  exception  of  f’'']cate 
cor.r.'o  ds  ("dust''j  for  which  no  adequate  ca.'  ' bratl' t;  :'pect;'c,  I'.avc  yet  l e'^Ti 
leV’  ■;  yed.  The  reported  estimates  of  concert  r.'ition  wi.t'-  e.  t. ; ."ri  a;-, 

'•'■'lows:  Vdiere  available,  the  sulfate  ion  concentration.''  were  obtained 

‘’rom  the  hi-Vol  com.posilp  sampies  retui'ned  to  Calspan  Corpo’'atinr.  for' 
laooratory  analysis.  Tne  estimates  of  concentrations  of  nitrates,  cai'bonate;' , 
and  nitrogen-hydrogen  compounds  were  made  using  the  relative  absorption 
ratios  for  the  same  salt  concentrations,  from  Figure  10.  For  example,  rig.  10 
reveals  that  for  the  same  salt  concentration  tne  nitrate  absorption  band 
strength  was  l.'i  times  greater  than  that  of  sulfate,  while  carbonate,  and 
nitrogen-hydrogen  compounds  had  bands  of  only  lv%  and  oi  the  sulfate 
band  intensity  for  identical  concentrations  of  these  compounds.  Comparisons 
het’ween  the  sixifate  values  of  composite  and  discrete  sam.-nles  not 

always  available  for  the  same  time  periods.  In  cases  where  laboratory  aata 
'were  missing,  the  compositional  analyses  from  tne  infrarea  spectra  octained 
for  aerosol  specimens  at  sea  were  developed  from  direct  comparison  of  those 
spectra  witn  earlier  spectra  in  tne  same  air  mass  for  similar  sample 
collection  times,  which  did  nave  laboratory  values  to  reference  their  sulf.-.'. 
absorption  band  intensities  to.  Figures  l8  tnrough  P5  present  typical 
spectra  recorded  at  sea.  The  following  special  points  revealed  by  Figurp-:- 
l8  through  ?5  -'ire  noteworthy:  Even  10  minute  aerosol  collections  were 

adequate  to  obtain  infrared  spectra  sho'wing  strong  absorption  bands 
although  collection  periods  of  30  to  hO  minutes  were  more  commonly  used.  Ap; a?' 
ent  dissipation  regions  of  the  sea  fogs  had  ambient  atmospheric  aerosois  w.it.h 
relatively  high  concentrations  of  nitrates,  as  contrasted  with  the  apparent 
for’:.ation  regions  of  these  same  sea  T’ogs  which  had  a signiiicant  absence  -f 
nitrate  conpo’inds  within  the  ambient  aerosol.  Promising  correlations  were 
found  between  the  spectroscopic  indications  for  the  presence  of  bust  in  the 
aerosol  samples  and  tne  simultaneous  indications  for  continental  air  masses 
cbt''ir.ed  by  Radon  T22  counting  techniques.  There  was  an  apparent  dirocr 
ccrr"lation  of  the  amounts  of  nitrate  components  in  the  collected  aerosol 
s.ar.rles  'with  continued  sun  exposure  of  the  ambient  air  mass. 
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Sea-Suri‘ace  Film  Samples 


By  nountinc  the  sane  internal  reflection  prisms  (utilizea  for  the  analysis 
of  fop  water  residues  and  impacted  aerosols  at  seaj  at  the  end  of  a nylon 
filament,  they  could  be  easily  dipped  in  and  out  of  tne  sea  surface  to 
transfer  Eimbient  thicknesses  of  existing  sea-surface  films  by  he  well  known 
Lanj'jr.uir- Blodgett  mechanism.  Figures  26  tnrough  30  provide  infrared  spectra, 
and  suj.'porting  data  developed  by  ell  ipsometry , surface  potential,  and  surface 
tension  measuring  techniques  for  typical  films  encountered  in  the  Worthwest 
Atlantic  Ocean  in  July  and  August,  1975-  These  measurements  illustrated  that 
r.arg.assum  weecis  and  K'>1p  fragments  were  exceptionally  ei'fective  sources  of 
tne  sea-slick-foniiing  pr. -teinaceous  materials  whicn  must  be  responsible  lor 
a largo  inaction  of  the  nat..ral  slicks  otserved  at  sea. 

Bubble-Breaking  cet  i r : Hesidues 

Figure  31  shows  internal  reflection  infrarea  spectra  of  salt  and  organic 
matter  ejected  with  jet  droplets  from  sea  water  used  in  the  ship-board 
apparatus  or  Duncan  Blanchard. 

Carbonate  Scale 


Figure  32  provides  two  infrarea  spectra  of  an  abundant  carbonate  scale 
deposited  from  the  distilled  water  utilized  in  the  University  of  Missouri 
nuclei  counter  aboard  tne  USNS  Hayes. 

Marine  nain  Residues 


Figure  33  proviaes  internal  reflection  infrared  spectra  of  dried  aliquots 
of  rain  collected  aboard  the  USNS  Hayes,  demonstrating  it  to  have  been  rich 
in  both  inorganic  salts  and  organic  matter. 

Fog  Water  Samples  from  tne  University  of  Denver  Chamber 

Figures  34,  3h,  and  3b  document  the  finding  of  an  organic  ester  component, 
within  the  water  samples  from  the  University  of  Denver  chamber,  which  was 
probably  a result  of  plasticizer  extraction  from  the  Tygon  tubing  used 
prior  to  the  collector  in  that  device. 
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Figure  1 INTERNAL  REFLECTION  INFRARED  SPECTRA  OF  RESIDUES  DRIED 
FROM  0.5  ml  ALIQUOTS  OF  REAGENT-GRADE  AMMONIUM  SULFATE 
SOLUTIONS  (IN  DISTILLED  WATER)  ON  GERMANIUM  PRISMS. 
CONTINUED  DESICCATION  OR  SUBLIMATION  DO  NOT  MODIFY 
THESE  SPECTRA 


FREQUENCY  ICM  I 


INTERNAL  REFLECTION  INFRARED  SPECTRA  OF  RESIDUES  FROM  0.5  ml 
ALIQUOTS  OF  SODIUM  NITRATE  SOLUTIONS  (IN  DISTILLED  WATER) 
EVAPORATED  TO  DRYNESS  ON  GERMANIUM  PRISMS.  CONTINUED 
DRYING  AND/OR  SUBLIMATION  PHENOMENA  DO  NOT  CHANGE 
THESE  SPECTRA 
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Figure  3 IMTERIMAL  REFLECTION  INFRARED  SPECTRA  OF  RESIDUES  FORMED 
IMMEDIATELY  UPON  DRYING  OF  0.5  ml  ALIQUOTS  OF  SODIUM 
CARBONATE  SOLUTIONS  (IN  DISTILLED  WATER)  ON  GERMANIUM 
PRISMS.  THESE  SPECTRA  DO  SHIFT  IN  PEAK  PATTERN  AND  INTENSITY 
WITH  CONTINUED  DRYING,  AS  ILLUSTRATED  IN  FIGURES  8 AND  9 
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INTERNAL  REFLECTION  INFRARED  SPECTRA  OBTAINED  IMMEDIATELY 
AFTER  DRYING  0.5  ml  ALIQUOTS  OF  AMMONIUM  NITRATE  SOLUTIONS 
(IN  DISTILLED  WATER)  ON  GERMANIUM  PRISMS,  ALL  ABSORPTION 
BANDS  SHOWN  DIMINISH  IN  INTENSITY  WITH  CONTINUED  DRYING 
TIME,  AS  THE  SALT  DEPOSIT  SUBLIMES  COMPLETELY  AWAY. 

FIGURE  7 ILLUSTRATES  THE  FINAL  SPECTRUM  AFTER  SUBLIMATION 


AN'  MITTANCH  (’, 


FREQUENCY  (CM') 


DEPOSIT  THICKNESS  = 206  A 
CONTACT  POTENTIAL  = 122  mV 


(MICBONS! 


AFTER  DISTILLED 
WATER  LEACHING 


DEPOSIT  THICKNESS  = 123  A 
CONTACT  POTENTIAL  = 344  i 


(MX30NSI 


TOP  TRACE:  ORGANIC  FILM  AS  DEPOSITED  WITH  AN  EOUIVALENT  THICKNESS 

OF  SALT  (NaCI) 

BOTTOM  TRACE:  SAME  SAMPLE,  AFTER  DISTILLED  WATER  LEACHING  AWAY  OF 
SALT  AND  ANY  OTHER  LABILE  CONSTITUENTS 


gure  5 INTERNAL  REFLECTION  INFRARED  SPECTRA  ILLUSTRATING  TYPICAL 
ABSORPTION  BANDS  FOR  ORGANIC  MATTER  (PROTEIN,  IN  THIS  CASE) 
IN  DEPOSITS  DRIED  ON  GERMANIUM  PRISMS,  AND  FURTHER  ILLUS- 
TRATING BOTH  THE  COMPLETE  ABSENCE  OF  INFLUENCE  OF  CO- 
DEPOSITED SODIUM  CHLORIDE  AND  THE  RESISTANCE  OF  THE 
ORGANIC  MATTER  TO  REMOVAL  BY  DISTILLED  WATER 
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AMMONIUM  NITRATE  DEPOSIT, 
AFTER  SUBLIMATION 
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' AMMONIUM  NITRATE  DEPOSIT, 

4-.-, -after  vigorous  rinsing 

' I WITH  DISTILLED  WATER 

I ‘ • 
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5 3 0 3 5 JO  5 'MJOIONS)  6 7 B » 10 

TOP  TRACE:  RESIDUE  FROM  0.5  ml  OF  A 200  PPM  AMMONIUM  NITRATE  SOLUTION 

(IN  DISTILLED  WATER)  AFTER  SUBLIMATION 

BOTTOM  TRACE:  RESIDUE  FROM  A SEPARATE  0.5  ml  ALIQUOT  OF  A 200  PPM  AMMONIUM 
NITRATE  SOLUTION  (IN  DISTI LLED  WATER),  AFTER  VIGOROUS 
DISTILLED  WATER  RINSING 

Figure  7 INTERNAL  REFLECTION  INFRARED  SPECTRA  ILLUSTRATING  THE 
COMPLETENESS  OF  SPONTANEOUS  SUBLIMATION  OF  AMMONIUM 
NITRATE  DEPOSITS  FROM  DRIED  RESIDUES  ON  GERMANIUM  PRISMS. 
COMPARE  WITH  ORIGINAL  SPECTRA,  OBTAINED  IMMEDIATELY  UPON 
DRYING  FROM  SOLUTIONS,  AS  SHOWN  IN  FIGURE  4.  RESIDUES  ARE 
PREDOMINANTLY  ORGANIC  MATTER,  AS  ILLUSTRATED  IN  FIGURES 
5 AND  6 
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TOP  TRACE:  DEPOSIT  FROM  0.5  ml  OF  A 500  PPM  SOLUTION  OF  REAGENT  GRADE 

SODIUM  CARBONATE  (IN  DISTILLED  WATER)  AS  DRIED  ON  A 
GERMANIUM  PRISM 

MIDDLE  TRACE:  0.5  ml  OF  500  PPM  SODIUM  CARBONATE  DRIED  ONTO  A GERMANIUM 
PRISM  AND  ALLOWED  TO  COME  TO  EOUILIBRIUM  OVER  A 24-HOUR 
PERIOD 

BOTTOM  TRACE:  DEPOSIT  FROM  500  PPM  SODIUM  CARBONATE  SOLUTION,  AFTER 
DISTILLED  WATER  RINSING 


Figure  8 INTERNAL  REFLECTION  INFRARED  SPECTRA  ILLUSTRATING  ABSORPTION 
BAND  SHIFTS  FOP  SODIUM  CARBONATE  DEPOSITS  DURING  CONTINUED 
DRYING,  AND  THE  SUSCEPTIBILITY  OF  THE  MAJOR  INORGANIC 
FRACTION  OF  THESE  DEPOSITS  TO  REMOVAL  BY  DISTILLED  WATER. 
COMPARE  WITH  ORIGINAL  SPECTRA  OF  FIGURE  3,  AND  WITH  ORGANIC 
RESIDUE  SPECTRA  IN  FIGURES  5,  6,  AND  7 
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DEPOSIT  FROM  0.5  ml  OF  500  PPM 
SODIUM  BICARBONATE  SOLUTION 
AS  DRIED 


DEPOSIT  FROM  0.5  ml  OF  500  PPM 
SODIUM  BICARBONATE  SOLUTION, 
AFTER  FINAL  DESICCATION 


ORGANIC  CARBONATE  RESIDUE  FROM  500  PPM 
SODIUM  BICARBONATE  DEPOSIT,  ABOVE,  AFTER 
VIGOROUS  DISTILLED  WATER  RINSING 


RESIDUE  AFTER  DISTILLED  WATER  RINSING  OF 
DRIED  DEPOSIT  FROM  0.5  ml  OF  A 1000  PPM 
SODIUM  BICARBONATE  SOLUTION 


INTERNAL  REFLECTION  INFRARED  SPECTRA  ILLUSTRATING  SHIFTS  IN 
ABSORPTION  BANDS  FOR  SODIUM  BICARBONATE  RESIDUES  DURING 
CONTINUED  DESICCATION,  AND  ALSO  ILLUSTRATING  THE  CONSTANT 
PRESENCE  OF  ORGANIC  CARBONATE  CONSTITUENTS  - RESISTANT  TO 
WATER  EXTRACTION  - IN  EVEN  REAGENT-GRADE  SALT  SOLUTIONS. 
COMPARE  WITH  SODIUM  CARBONATE  SPECTRA  IN  FIGURES  3 AND  8, 
AND  WITH  ORGANIC  RESIDUE  SPECTRA  IN  FIGURES  5,  6,  AND  7 
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2 AUG.  75  FOG  2A 


AFTER  FURTHER  DRYING 


RESIDUE  AFTER  VIGOROUS 
DISTILLED  WATER  RINSING 


Figure  11  INTERNAL  REFLECTION  INFRARED  SPECTRA  TYPIFYING  ANALYTICAL 
RESULTS  OBTAINED  ABOARD  SHIP  WITH  DESICCATED  ALIQUOTS  OF 
FOG  WATER 

'0  APPROXIMATELY  0.5  ml  OF  FOG  WATER  (CALSPAN  VIAL  #2)  COLLECTED  EARLY  IN 
FOG  2A,  OF  2 AUG.  75,  IMMEDIATELY  AFTER  DRYING  ON  FACE  OF  GERMANIUM 
PRISM.  QUANTITATIVE  ESTIMATES  OF  COMPONENTS  PRESENT  GIVEN  IN  TABLE  1. 

@ SAME  SAMPLE,  RE-ANALYZED  AN  HOUR  LATER  AFTER  CONTINUED  DRYING.  ABSENCE 
OF  ABSORPTION  BAND  SHIFTS  - IN  EITHER  POSITION  OR  INTENSITY  - INDICATES  LACK 
OF  SUBLIMABLE  OR  UNSTABLE  COMPONENTS  IN  THE  FOG  WATER  RESIDUE.  THIS 
SPECTRAL  STABILITY  CHARACTERIZED  ALL  SEA  FOG  SAMPLES  ANALYZED. 

@ SAME  SAMPLE,  AFTER  BRIEF  CONTACT  WITH  DISTILLED  WATER  TO  LEACH  AWAY 

WATER-SOLUBLE  SPECIES.  APPROXIMATEL Y 30  ppm  OF  THE  ORIGINALLY  INDICATED 
180  ppm  ORGANIC  MATTER  CONCENTRATION  IN  THE  FOG  WATER  WAS  RESISTANT 
TO  RESOLUBILIZATION. 

@ SAME  SAMPLE,  AFTER  VIGOROUS  RINSING  WITH  DISTILLED  WATER  TO  REMOVE  ALL 
LABILE  ORGANIC  AND  SALT  DEPOSITS.  ABOUT  20  ppm  OF  THE  ORIGINAL  ORGANIC 
CONTENT  REMAINS. 

SAME  SAMPLE,  AFTER  DETERGENT  WASHING  TO  RESTORE  PRISM  BASELINE  AGAINST 
WHICH  ALL  SPECTRAL  BANDS  WERE  MEASURED. 
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Table  1 

SEA  FOG  WATER  SAMPLES 


COMK)SirE  rOG  WATER  SAMPLE  16.  COLLECTED 
BV  NRL.  ANALYZED  BY  CALSPAN  Af  TER 
RETURN  TO  LABORATORY  MIDPOINT  Of 


Table  1 (Continued) 

SEA  FOG  WATER  SAMPLES 

ESTIMATED  CONCENTRATIONS  OF  INFRARED  DETECTABLE  SPECIES 
(IN  PARTS  PER  MILLION  [PPM] ) 


COMPOSiTt  KXiYiAUH  SAMPtC  #15 
COtltCTtD  BV  NHl.  ANAt  V/(D  BY  CALSPAN 
ArrCR  NETtjRN  TO  tAROHATORV  fOG  14 


0 0 


TYPICAL  RESIDUE  FROM 
DISTILLED  WATER 


DETERGENT-WASHED  PRISM  BASELINE 
3 AUG.  75 


DETERGENT-WASHED  PRISM  BASELINE 
8 AUG.  75 


Figure  12  INTERNAL  REFLECTION  INFRARED  SPECTRA,  RECORDED  ABOARD  SHIP, 
REVEALING  THE  DEGREE  OF  CONTAMINATION  AND/OR  SPECTRAL 
DETEORIORATION  ENCOUNTERED  DURING  REAL-TIME  ANALYSES 
AT  SEA 

APPROXIMATELY  0.5  ml  OF  DISTILLED  WATER  EVAPORATED  TO  DRYNESS.  DEVIATIONS 
FROM  LABORATORY  BASELINE,  OR  FROM  DETERGENT-WASHED  SHIPBOARD  BASELINES, 
RESULT  FROM  (1)  CONTAMINANTS  PICKED  UP  BY  THE  WATER  DURING  SAMPLE 
DESICCATION  (IN  A REFLECTED  WARM  AIR  STREAM  FROM  A VACUUM  CLEANER 
BLOWER)  IN  THE  SAME  MANNER  AS  ALL  FOG  WATER  ALIQUOTS  WERE  DRIED  AT  SEA. 
AND  (2)  ANALYSIS  AT  THE  NEAR-100%  RELATIVE  HUMIDITY  CHARACTERIZING  MARI- 
TIME ENVIRONMENTS.  THESE  CONDITIONS  ACCOUNT  FOR  MAXIMUM  OVER-ESTIMATES 
OF  FOG  WATER  CONCENTRATION  OF  N-H  COMPOUNDS  BY  50  ppm  AND  OF  ORGANIC 
CARBONATES,  ESTERS,  AND  PROTEINS  BY  10  ppm.  NO  INFLUENCE  ON  INORGANIC 
CARBONATES,  NITRATES,  OR  SULFATES  IS  SEEN. 

DETERGENT-WASHED  PRISM  BASELINE  FOR  SAME  PRISM  USED  IN  PRODUCING  DATA  OF 
FIGURE  11  AND  0 , ABOVE,  AFTER  USE  IN  APPROXIMATELY  50  ANALYSES. 

DETERGENT-WASHED  PRISM  BASELINE,  SHOWING  MODEST  SPECTRAL  DETERIORATION, 
FIVE  DAYS  LATER  AFTER  USE  FOR  AN  ADDITIONAL  SET  OF  ABOUT  100  INFRARED 
ANALYSES. 
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FOG  4A,  3 AUG.  75 
FOG  WATER  ANALYZED  UPON 
RETURN  TO  LABORATORY 
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FLOCCULATEDV  V / \ / 

SEDIMENT  V — 

FROM  FOG  WATER  ^ 

(FOG  4A)  FORMED  SPONTANEOUSLY 
■DURING  STORAGE  ’ 


DISTILLED  WATER--"-- 

: LEACHED  SEDIMENT  FROM 
::r:  tFOGWATER  (FOG  4A)“:“ 
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Figure  13  INTERINAL  REFLECTION  INFRARED  SPECTRA  ILLUSTRATING  THE 

SIGNIFICANT  AND  SPONTANEOUS  LOSS  OF  DISSOLVED  OR  SUSPENDED 
FOG  WATER  COMPONENTS  TO  A FLOCCULANT,  GELATINOUS  PRE- 
CIPITATE DURING  DARK  (AND  EVEN  STERILE)  STORAGE 

CALSPAN  VIAL  #18  OF  FOG  WATER  OBTAINED  AT  1700  E.D.T.,  3 AUG.  75,  IN  FOG  4A, 

ANALYZED  ABOARD  SHIP  WITHIN  THE  HOUR  OF  ITS  COLLECTION.  SEE  TABLE  1 FOR 
COMPOSITIONAL  DATA  FROM  THE  SPECTRUM  OF  THE  DRIED  FOG  WATER  RESIDUE. 

FOG  WATER  CONDUCTIVITY  MEASURED  AT  SEA  WAS  275  /ZTI-Vcm.  IT  SHOWED 
NO  SIGNIFICANT  SURFACE  ACTIVITY.  THE  DRIED  RESIDUE  DID  SHOW  DEFINITE 
SURFACE  ACTIVITY,  SPREADING  RAPIDLY  ON  WATER  AGAINST  A 5 DYNE/cm  PISTON 
FILM. 

COMPOSITE  SAMPLE  OF  FOG  4A  WATER  COLLECTED  BY  NRL  FROM  1600-^1800, 

3 AUG.  75,  BUT  NOT  ANALYZED  UNTIL  RETURN  TO  LABORATORY.  NOTE  SIGNIFICANT 
DEPRESSION  OF  ALL  ABSORPTION  BANDS.  COMPOSITIONAL  DATA  IN  TABLE  1. 

SPONTANEOUSLY  FORMED  FLOC  FLOATING  IN  NRL-COLLECTED  FOG  4A  WATER 
COMPOSITE  (BOWKITE  COLLECTION,  1615-^1745,  3 AUG.  75)  BY  8 AUG.  75,  ANALYZED 
ABOARD  SHIP.  THIS  PRECIPITATE  IS  VERY  RICH  IN  N-H  COMPOUNDS,  ORGANIC  AND 
INORGANIC  CARBONATES,  NITRATES  AND  SULFATES. 

PRECIPITATE  OF  ©,  ABOVE,  AFTER  DISTILLED  WATER  EXTRACTION  OF  SOLUBLE 
MATTER.  REMAINING  MASS  IS  TYPICAL  OF  GLYCOPROTEINS,  COMMON  BIOLOGICAL 
EXUDATES 
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AFTER  RETURN  TO  LABORATORY 


TO  LABORATORY  i 
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Figure  14  INTERNAL  REFLECTION  INFRARED  SPECTRA  ILLUSTRATING  THE  SIMILAR 
LOSS  OF  ORGANIC  AND  INORGANIC  CONSTITUENTS  FROM  FOG  WATER 
COMPOSITES  AND  DISCRETE  (SMALL  VIALS)  SAMPLES  DURING  STORAGE 

® APPROXIMATELY  0.5  ml  OF  BOWKITE  FOG  WATER  COMPOSITE,  4 AUG,  75,  1000 -►1100, 

IN  FOG  4C,  DRIED  ON  GERMANIUM  PRISM  AND  ANALYZED  AT  SEA  WITHIN  THE  HOUR 
OF  COLLECTION.  SEE  TABLE  1 FOR  COMPOSITIONAL  DATA.  CONDUCTIVITY  MEASURED 
ABOARD  SHIP  WAS  240  ^ 

® SIMILAR  ANALYSIS  OF  FOG  4C  FOG  WATER  COMPOSITE,  4 AUG.  75,  0800-^1400,  AFTER 
RETURN  TO  LABORATORY.  NOTE  SIGNIFICANT  LOSS  OF  ALL  CONSTITUENTS  FROM 
AQUEOUS  PHASE. 

© SIMILAR  ANALYSIS  OF  DISCRETE  SAMPLE  OF  FOG  4C  (CALSPAN  VIAL  FOG  WATER 
AFTER  RETURN  TO  LABORATORY.  COMPARE  COMPOSITIONAL  DATA  FOR  THIS  SAMPLE 
WITH  THE  ABOVE  COMPOSITE,  GIVEN  IN  TABLE  1. 

(d)  GELATINOUS  RESIDUE  FROM  BOTTOM  OF  CALSPAN  VIAL  #41,  ILLUSTRATING  HIGH 
CONCENTRATION  OF  ORGANIC  MATTER,  WHICH  WAS  LOST  FROM  AQUEOUS  PHASE 
DURING  STORAGE,  TOGETHER  WITH  ITS  BOUND  SALTS. 
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FOG  7,  DISCRETE  FOG  WATER  SAMPLE  ANALYZED 
ABOARD  SHIP,  6 AUG.  75 


FOG  7,  COMPOSITE  FOG  WATER  SAMPLE  ANALYZED 
ABOARD  SHIP,  6 AUG.  75 


(D 
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FOG  7,  COMPOSITE  FOG  WATER  SAMPLE  ANALYZED 
AFTER  RETURN  TO  LABORATORY 


SHIPBOARD  ANALYSIS  OF  SPONTANEOUSLY 
SETTLED  RESIDUE  FROM  FOG  WATER, 

FOG  7,  ACCUMULATED  BY  8 AUG.  75 


FOG  7,  PRECIPITATE,  AS  ABOVE,  LEACHED 
FREE  OF  SALTS  WITH  DISTILLED  WATER 
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Figure  15  ADDITIONAL  INFRARED  SPECTRA  ILLUSTRATING  THE  RAPID,  SPON- 
TANEOUS SEGREGATION  OF  ORGANIC  MATTER  AND  SALTS  FROM 
FOGWATER  AFTER  ITS  COLLECTION  AS  AN  ORIGINALLY  CLEAR, 
HOMOGENEOUS  SAMPLE 

.APPROXIMATELY  0.5  ml  OF  FOG  WATER  FROM  DISCRETE  SAMPLE  (CALSPAN  VIAL  #68, 
0100,  6 AUG.  75)  OF  rOG  7,  DRIED  CN  GERMANIUM  PRISM,  AND  ANALYZED  ABOARD 
ship!  see  TAB'  E 1 FOR  COMPOSITIONAL  DATA. 

(D  SIMILAR  ANALYSIS,  ABOA  RD  SHIP,  OF  FOG  7 WATER  COMPOSITE  (0100-^0700, 

6 AUG.  75),  SEE  TABLE  1 FOR  COMPOSITIONAL  DATA. 

^ SIMILAR  ANALYSIS,  AFTER  RETURN  TO  LABORATORY  OF  FOG  7 WATER  COMPOSITE 
(0130-»0715,  6 AUG.  75).  SEE  TABLE  1 FOR  COMPOSITIONAL  DATA.  NOTE  SEVERE 
LOSS  OF  COMPONENTS  COMPARED  WITH  FRESH  SAMPLES. 

(5)  SPONTANEOUSLY  SETTLED  FLOCCULANT  RESIDUE  FROM  FOG  7 WATER  COMPOSITE 
(0130-0330,  G AUG.  75),  ANALYZED  ABOARD  SHIP  ON  8 AUG.  75.  PRIMARILY  PROTEIN 
MATTER  WITH  BOUND  INORGANIC  CARBONATES,  NITRATES,  AND  SULFATES  IS 
“RESENT,  ACCOUNTING  FOR  LOSSES  FROM  STORED  SAMPLE. 

vj)  FLOCCULANT  RESIDUE  LEACHED  FREE  OF  SALTS  WITH  DISTILLED  WATER.  ONLY 
ORGANICS  REMAIN. 
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SEM  OF  3 AUG  75  SAMPLE  OF  SPONTANEOUS  FOG  WATER  PRECIPITATE 
(130X  MAG,  45°  TILT,  20  KV) 


SEM  OF  6 AUG  75  SAMPLE  OF  SPONTANEOUS  FOG  WATER  PRECIPITATE 
(1500X  MAG,  45°  TILT,  20  KV) 

Figure  17 


Table  2 


NITRATESSILICATES 


ORGANIC  INORGANIC  SULFATES 
carbonates  " CARBONATES 
- AND  !• 

■ i- 

\!y  COMPOUNDS 
10  MINUTE  AEROSOL  COLLECTION 


igure  18  INTERNAL  REFLECTION  INFRARED  SPECTRA  OF  TYPICAL  NEAR-SHORE 

MARINE  AEROSOLS,  ANALYZED  AS  COLLECTED  AT  SEA,  WITHIN  MINUTES 
OF  THEIR  IMPACTION 

'S)  28  JULY  75  1316-^1326,  EASTERN  DAYLIGHT  TIME,  PROCEEDING  THROUGH  CHESAPEAKE  BAY 

BRIDGE-TUNNEL.  APPROXIMATELY  480  CUBIC  FEET  OF  AIR  PASSED  THROUGH  SAMPLE 
IMPACTOR  DURING  THIS  TIME. 

^ DISTILLED  WATER  LEACHED  AEROSOL  FROM  CHESAPEAKE  BAY,  AS  ABOVE,  NOTE  COMPLETE- 
NESS OF  REMOVAL  OF  SOLUBLE  COMPONENTS. 

29  JULY  75  1313-*-1343  EASTERN  DAYLIGHT  TIME,  OFF  NORTHEAST  U.S.  COAST,  PROCEEDING 
TOWARD  NOVA  SCOTIA,  CANADA.  APPROXIMATELY  1440  CUBIC  FEET  OF  AIR  SAMPLED.  SEE 
TABLE  2 FOR  COMPOSITIONAL  ANALYSIS, 

DlSriLLED  WATER  RINSED  AEROSOL  FROM  NORTHEAST  U.S.  COAST,  AS  ABOVE.  REMAINING 
ABSORPTION  BANDS  ILLUSTRATE  PROTECTION  OF  COMPONENTS  FROM  DISSOLUTION  BY 
HIGH  PROPORTION  OF  (SILICATE)  DUST  IN  ORIGINAL  SAMPLE. 
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2 AUG  75,  1230-1330 


2 AUG  75,  1230-1330, 
DIST.  H2O  LEACHED 


2 AUG  75,  1535-1715 


2 AUG  75,  1535-1715, 
DIST.  HjO  LEACHED 


3 AUG  75,  1320-1405 


6 AUG  75,  1030-1130 


Figure  19  INTERNAL  REFLECTION  INFRARED  SPECTRA  CHARACTERIZING  AMBIENT 
ATMOSPHERIC  AEROSOLS  IN  APPARENT  DISSIPATION  REGIONS  OF  SEA 
FOGS  ENCOUNTERED  OFF  NOVA  SCOTIA,  CANADA.  NOTE  PRESENCE  OF 
HIGH  CONCENTRATIONS  OF  CARBONATES,  NITRATES,  AND  SULFATES 
IN  THESE  AEROSOLS 

IN  CLEAR  COLD  AIR,  APPROACHING  FOG  2A,  INTO  WIND.  SEE  TABLE  2 FOR  COMPOSITIONAL 
ANALYSIS 

SAME  AS  0 , BUT  DISTILLED  WATER  LEACHED.  NOTE  PERSISTENCE  OF  SILICATE  ABSORP- 
TION BAND,  INDICATING  PRESENCE  OF  DUST  IN  AIR  MASS. 

WITHIN  2 HOURS  OF  ENCOUNTERING  FOG  2A.  NOTE  HIGH  NITRATE  CONTENT. 

SEE  TABLE  2 FOR  COMPOSITIONAL  ANALYSIS. 

SAME  AS  © , DISTILLED  WATER  LEACHED.  NOTE  COMPLETENESS  OF  REMOVAL  OF 
NITRATES,  AND  PERSISTENCE  OF  CARBONATES  AND  SILICATES. 

JUST  OUTSIDE  FOG  2C,  VISIBILITY  INCREASING  FROM  2000  M TO  > 6000M  AS  SAMPLE 
COLLECTION  WAS  IN  PROGRESS.  SEE  TABLE  2 FOR  COMPOSITIONAL  ANALYSIS. 

JUST  LEAVING  FOG  8,  INTO  WIND. 
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2 AUG  75,  2105-2205 


3 AUG  75,  2340-2400 


3 AUG  75,  2340-2400, 
DIST.  H2O  LEACHED 


4 AUG  75,  1500-1530 


4 AUG  75,  1500-1530, 
DIST.  H2O  LEACHED 


Figure  20  INTERNAL  REFLECTION  INFRARED  SPECTRA  CHARACTERIZING  AMBIENT 
ATMOSPHERIC  AEROSOLS  IN  APPARENT  FORMATION  REGIONS  OF  SEA 
FOGS  ENCOUNTERED  OFF  NOVA  SCOTIA,  CANADA.  NOTE  SIGNIFICANT 
ABSENCE  OF  NITRATES  AND  HIGH  PROPORTION  OF  ORGANIC  MATTER 
IN  THESE  AEROSOLS 

JUST  OUT  OF  FOG  2A,  ABOUT  TO  ENTER  FOG  2B  AFTER  REVERSAL  OF  SHIP  DIRECTION. 

^ SEE  TABLE  2 FOR  COMPOSITIONAL  ANALYSIS. 
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BETWEEN  FOGS  4A  AND  4B,  IN  APPARENT  FOG  FORMATION  ZONE.  VISIBILITY  DEGRADED 
FROM  > 6000M  TO  4500M  DURING  SAMPLING,  WHICH  WAS  TERMINATED  WHEN  PRE-FOG 
DRIZZLE  WAS  ENCOUNTERED. 

SAME  AS  @ , BUT  DISTILLED  WATER  LEACHED.  INSOLUBLE  RESIDUE  IS  MAINLY 
ORGANIC  PROTEINACEOUS)  MATTER. 


BETWEEN  FOG  4C  AND  4D,  DURING  SHIP  COURSE  CHANGE  TO  RE-ENTER  FOG  AT  ITS 
FORMING  EDGE.  SEE  TABLE  2 FOR  COMPOSITIONAL  ANALYSIS. 


SAME  AS  @ , BUT  DISTILLED  WATER  LEACHED.  PRIMARILY  ORGANIC  MATTER 
REMAINING 


■»  1 
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29  JULY  75,  2013-2043,  DIST.  H2O  LEACHED 
RADON  222  'J5pCi/m^ 


4 AUG  75,  2035-2140 


4 AUG  75,  2035-2140,  DIST.  HjO  LEACHED 
RADON  222  pCi/m^ 


4 AUG  75,  2235-2300 


4 AUG  75,  2235-2300,  DIST.  HjO  LEACHED 
RADON  222  at  ^ pCi/m^ 


Figure  21  INTERNAL  REFLECTION  INFRARED  SPECTRA  RECORDED  IN  REAL-TIME,  AT  SEA, 
ILLUSTRATING  COINCIDENCE  OF  SPECTRAL  INDICATIONS  FOR  CONTINENTAL 
AEROSOLS  WITH  DATA  FOR  AIR  MASS  HISTORY  GENERATED  BY  RADON  222 
ANALYSES.  RETENTION  OF  STRONG  SILICATE  ABSORPTION  BAND  AFTER  WATER 
EXTRACTION  OF  THE  IMPACTED  AEROSOL  CORRELATES  WITH  HIGH  DUST  (LAND 
ORIGIN)  CONTENT.  (NOTE:  ALL  RADON  222  DATA  FROM  R.  LARSON,  NRL) 

0 OFF  NORTHEAST  U.S.  COAST,  VISIBI LITY  ~ 4500M, 

@ SAME  AS  ® , AFTER  DISTILLED  WATER  EXTRACTION.  NOTE  HIGH  PROPORTION 
^ OF  RESIDUAL  SILICATE  (DUST)  MATERIAL. 

0 CLEAN  MARINE  AIR,  VISIBILITY  >6000M.  SEE  TABLE  2 FOR  COMPOSITIONAL  ANALYSIS. 

@ SAME  AS  (C)  , AFTER  DISTILLED  WATER  EXTRACTION.  NOTE  ESSENTIAL  ABSENCE  OF 
SILICATE  ABSORPTION  BAND  FROM  SPECTRUM.  ONLY  HYDROPHILIC,  BUT  WATER 
INSOLUBLE,  ORGANIC  MATTER  REMAINING,  AS  INDICATED  BY  "WETTABILITY"  TESTS  AT  SEA. 

CONTINENTAL  AIR  MASS  ENCOUNTERED  AT  SEA,  VISIBILITY  2500M-3000M,  APPROACHING 
FOG  6 FORMATION  REGION.  SEE  TABLE  2 FOR  COMPOSITIONAL  ANALYSIS. 

SAME  AS  (D  , BUT  AFTER  DISTILLED  WATER  EXTRACTION.  NOTE  EVIDENCE  FOR 
RESIDUE  OF  SILICATES,  INDICATING  INCREASING  DUST  LOADING  OF  THIS  AIR  MASS. 

ORGANIC  "CLADDING"  OF  AEROSOL  SEEMED  TO  LIMIT  ITS  REMOVAL  BY  EVEN  VIGOROUS 
WASHING. 


5 AUG  75,  2130-2220 


5 AUG  75,  2130-2220, 
DIST.  H2O  LEACHED 


5 AUG  75,  2130-2220, 
DIST.  HjO  RINSED 


5 AUG  75,  2350,  TO 

6 AUG  75,  0040 


5 AUG  75,  2350,  TO  6 AUG  75,  0040 
DIST.  H2O  LEACHED 


5 AUG  75,  2350,  TO  6 AUG  75,  0040 
DIST.  H2O  RINSED 


•-igure  22  INTERNAL  REFLECTION  INFRARED  SPECTRA  OF  AMBIENT  MARINE 
AEROSOLS,  COLLECTED  IN  THE  SAME  “RECENT  CONTINENTAL"  AIR 
MASS  OVER  COMPARABLE  TIME  PERIODS,  ILLUSTRATING  THAT  SEA 
FOG  FORMATION  DOES  NOT  UTILIZE  OR  SCAVENGE  SILICATE  MA- 
TERIALS ("DUST")  DURING  ITS  FORMATION.  RADON  222  CONTENT 
WAS  APPROXIMATELY  25  pCi/m^  THROUGHOUT  THIS  PERIOD  (DATA 
FROM  R.  LARSON,  NRL).  BOTH  AEROSOL  SPECIMENS  WERE  EXTREMELY 
RESISTANT  TO  WATER-DISSOLUTION,  INDICATING  HIGH  DUST  CONTENT, 
DESPITE  OTHER  MATERIALS  ("SALTS")  BEING  ABOUT  HALF  THE  PRE- 
FOG CONCENTRATION  IN  THE  NEAR-FOG  SAMPLE. 

0 ' ® ' © aerosol  sample  from  "RECENT  CONTINENTAL"  AIR  MASS,  ABOUT 
3 HOURS  PRIOR  TO  ENCOUNTERING  FOG  7E.  VISIBILITY  > 6000M. 

® ® ' © AEROSOL  SAMPLE  FROM  SAME  AIR  MASS,  AS  FOG  7E  WAS  ENTERED 
CROSSWIND.  NOTE  THAT  CARBONATE,  NITRATE,  AND  SULFATE 
MATERIAL  WAS  ABOUT  THE  SAME  AS  IN  PRE  FOG  SAMPLE,  AFTER  ITS 
BRIEF  CONTACT  WITH  DISTILLED  WATER. 
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■ OUST"  - r„  f :■  6 AUG  75,  1300-1400,  DIST.  HjO  LEACHED 
- • r •DUST"  radon  222  «3C  pCi/m3 


p X;;/* ;'I; —DUST"  _ 


6 AUG  75,  1555-1655 


■ ~r  ^ 6 AUG  75,  1555-1655,  DIST.  HjO  LEACHED 
RAnnM  995  ~ nn  nri/m3 


DUST^i  radon  222  as  30  pCi/m 


6 AUG  75,  1800-1850 


6 AUG  75,  1800-1850,  DIST.  H2O  LEACHED 
■DusT"F  radon  222  as50pCi/m^ 


Figure  23  INTERNAL  REFLECTION  INFRARED  SPECTRA,  RECORDED  AT  SEA 
WITHIN  MINUTES  OF  AEROSOL  COLLECTION,  CONFIRMING  SHIP'S 
ENCOUNTER  WITH  AND  WITHDRAWAL  FROM  DUST-LADEN  AIR  MASS, 
AS  INDICATED  INDEPENDENTLY  (DATA  OF  R.  LARSON,  NRL)  BY 
RADON  222  COUNTS  OVER  SAME  TIME  PERIODS. 

(a)  (i)  VISIBILITY  > 6000IVI,  BRIGHT  SUNSHINE,  SMOOTH  SEA,  MANY  SLICKS.  SHIP  HEADING 
^ SW.  SEE  TABLE  2 FOR  COMPOSITIONAL  ANALYSIS. 

(c),®  VISIBILITY  >6000M,  OVERCAST.  APPARENT  EDGE  OF  RECENT  CONTINENTAL  AIR 
INCURSION,  AS  INDICATED  BY  HIGH  DUST  CONTENT  OF  IMPACTED  AEROSOL.  SHIP 
HEADING  N,  AT  CLOSEST  POINT  OF  APPROACH  TO  CAPE  BRETON  ISLAND. 

(^,(5  VISIBILITY  >6000M,  SUNSET  NOTED  BENEATH  HIGH  OVERCAST  DURING  THIS 
SAMPLING  PERIOD.  SHIP'S  COURSE  REVERSED  TO  NE  JUST  PRIOR  TO  AEROSOL 
COLLECTION,  STEAMING  BACK  TOWARDS  MARINE  AIR  MASS. 
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6 AUG  75,  2300-2400 


OUST 


'DUST‘ 


6 AUG  75,  2300-2400,  DIST.  H2O  LEACHED 
HIGH  DUST  RESIDUE 


DUST 


DUST 


7 AUG  75,  0100-0200 


DUST 


'OUST' 


7 AUG  75,  0100-0200,  DIST.  HjO  LEACHED 
DIMINISHING  DUST  RESIDUE 
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ire  24  INTERNAL  REFLECTION  INFRARED  SPECTRA,  RECORDED  AT  SEA  WITHIN 
MINUTES  OF  AEROSOL  COLLECTION,  DEPICTING  AN  ENCOUNTER  WITH  A 
"TONGUE"  OF  DUST-LADEN  AIR  WHICH  WAS  NOT  CONFIRMED  BY  SIMUL- 
TANEOUS RADON  222  COUNTS.  DATA  OF  R.  LARSON,  NRL,  SHOWS 
RADON  222  v 15  pCi/m^  THROUGHOUT  THIS  ENTIRE  SAMPLING  PERIOD. 
VISIBILITY  WAS  > 6000M  AND  SEAS  WERE  CALM  DURING  BOTH 
SEQUENCES  OF  AEROSOL  IMPACTION. 
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5 AUG  75,  1225-1345, 
DIST.  HjO  LEACHED 


5 AUG  75,  1600-1700 


5 AUG  75,  1600-1700, 
DIST.  HjO  LEACHED 


5 AUG  75,  1800-1855 


5 AUG  75,  1800-1855, 
DIST.  HjO  LEACHED 


Figure  25  INTERNAL  REFLECTION  INFRARED  SPECTRA,  RECORDED  ABOARD  SHIP 

AS  AEROSOL  SPECIMENS  WERE  COLLECTED,  ILLUSTRATING  THE  BUILDUP 
OF  NITRATE  COMPONENTS  IN  CLEAR  AMBIENT  AIR  MASS  WITH 
CONTINUED  IRRADIATION  TIME.  SHIP  HEADING  NE,  PARALLEL  TO 
NOVA  SCOTIA,  CANADA,  COAST  LINE  THROUGHOUT  THESE  SAMPLING 
PERIODS.  CONDENSATION  NUCLEI  COUNT  REMAINED  AT  ABOUT 
2000/CM3  at  1%  SUPERSATURATION  DURING  THIS  TIME.  SEE  TABLE  2 
FOR  COMPOSITIONAL  ANALYSES. 

VISIBILITY  >6000M,  BRIGHT  SUNSHINE. 

(C)  , (d)  VISIBILITY  3000M  — ►6000M  DURING  SAMPLING  PERIOD,  BRIGHT  SUNSHINE  WITH 
OCCASIONAL  CLOUD  SHADOWS. 

0,0  VISIBILITY  >6000M,  TOTALLY  OVERCAST. 
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gure  26 


I mnuBCKCMi 

4000  3*00  3200  3W0  3400  3000  IWO  1400  1400  1300  1000 


INTERNAL  REFLECTION  INFRARED  SPECTRA,  RECORDED  ABOARD  SHIP, 
OF  POLLUTANT  SURFACE  FILM  SAMPLES  RETRIEVED  BY  THE  "PRISM  DIP" 
TECHNIQUE  AT  THE  NORFOLK  NAVY  BASE  FUEL  PIER,  28  JULY  1975 


SAMPLES  ANALYZED  "AS-TAKEN,"  INCLUDING  BOUND  SEA  SALTS  TRANSFERRED 
WITH  ORGANIC  SURFACE  FILM 

SAME  SAMPLES,  AFTER  LEACHING  AWAY  OF  SOLUBLE  SALTS  WITH  DISTILLED  WATER. 
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Figure  27  INTERNAL  REFLECTION  INFRARED  SPECTRA,  OBTAINED  AT  SEA,  OF 

TYPICAL  SURFACE  FILMS  OCCUPYING  OBVIOUSLY  "SLICKED"  REGIONS 
OF  THE  NORTHWEST  ATLANTIC  OCEAN,  OFF  NOVA  SCOTIA,  CANADA. 
SPECIMENS  RETRIEVED  BY  "PRISM-DIP"  TECHNIQUE. 


a)  IN  MIDST  OF  LARGE  CIRCULAR  SLICK,  ABOUT  1 MILE  IN  DIAMETER,  WITH  FLOATING 
SARGASSUM  WEED  SEGMENTS  IN  ITS  CENTER.  SEA  SURFACE  TENSION  DETERMINED 
WITH  "SPREADING  OIL"  WAS  APPROXIMATELY  56  DYNES/CM. 

BANDED  SEA  SLICK  ZONE  WITH  FUCUS  (KELP}  SEGMENTS  DISPERSED  WITHIN  IT. 

SEA  SURFACE  TENSION  ~ 69  DYNES/CM. 

LARGE  SEA  SLICK,  EXHIBITING  COMPLETE  DAMPING  OF  CAPILLARY  RIPPLES.  DARK- 
NESS PREVENTED  SIGHTING  OF  ANY  OBVIOUS  SLICK  SOURCE,  SUCH  AS  SEAWEEDS. 
SEA  SURFACE  TENSION  ~ 57  DYNES/CM. 

(p)  SAME  FILM  AS(c),  BUT  AFTER  VIGOROUS  DISTILLED  WATER  RINSING.  NOTE  LOSS 
OF  WATER-SOLUBLE  (APPARENTLY  SULFONATED  POLYSACCHARIDE)  COMPONENTS. 
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SARGASSUM  WEED 
DRAINAGE  WATER 


DISTILLED  WATER  LEACHED  RESIDUE 
FROM  SARGASSUM  DRAINAGE 


DISTILLED  WATER  RINSED  RESIDUE 
FROM  SARGASSUM  DRAINAGE 


SURFACE  FILM  SPONTANEOUSLY  SPREAD  FROM 
SARGASSUM  WEED  OVER  DISTILLED  WATER 


: DISTILLED  WATER  LEACHED  FILM  SPREAD 
J FROM  SARGASSUM  WEED 


DISTILLED  WATER  RINSED  FILM  SPREAD 
FROM  SARGASSUM  WEED 


INTERNAL  REFLECTION  INFRARED  SPECTRA,  RECORDED  AT  SEA  WITH 
FRESH  SAMPLES,  DOCUMENTING  THE  EFFICACY  OF  SARGASSUM  SEA- 
WEED EXUDATES  AS  POTENT  SEA-SLICK  FORMERS.  THE  WATER- 
INSOLUBLE,  SURFACE-ACTIVE  COMPONENT  RESPONSIBLE  FOR  SLICK 
FORMATION  IS  APPARENTLY  A REASONABLY  PURE  PROTEIN. 

I 30  JULY  1975,  0950.  FRESHLY  SNAGGED  SARGASSUM  WEED  FROM  CENTER 
OF  LARGE  SEA  SLICK,  ANALYZED  ABOARD  SHIP  FOR  COMPONENTS  GIVING 
RISE  TO  SLICKS  OBSERVED. 

I 30  JULY  1975,  1205.  ADDITIONAL  SAMPLE  OF  FRESHLY  SNAGGED  SARGASSUM 
WEED  FROM  'SLICKED"  REGION  OF  NORTHWEST  ATLANTIC  OCEAN,  TOUCHED 
TO  CLEAN  DISTILLED  WATER  SURFACE  IN  SHIPBOARD  "LANGMUIR  TROUGH" 
AND  THE  SURFACE  FILM  SAMPLED.  THIS  FILM  EXHIBITED  AN  EQUILIBRIUM 
SPREADING  PRESSURE  ON  CLEAN  SEAWATER  (EQUIVALENT  TO  SEA  SURFACE 
TENSION  DEPRESSION)  OF  ABOUT  37  DYNES/CM.  ACTUAL  SEA  SURFACE 
TENSION  DEPRESSIONS  MEASURED  ARE  LESS  THAN  THIS,  BECAUSE  THE 
"UNBOUNDED"  OCEAN  SURFACE  ALLOWS  CONTINUOUS  FILM  SPREADING 
UNTIL  THE  SURFACE-ACTIVE  AGENT  IS  DEPLETED. 
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KELP-SPAWNED  SURFACE  FILM,  AS  FORMED 


DISTILLED  WATER  LEACHED  FILM  FROM  KELP 


SURFACE  FILM  FROM  JELLY  FISH 


SURFACE  FILM  FROM  "DISRUPTED"  PLANKTON 


Figure  29  INTERNAL  REFLECTION  INFRARED  SPECTRA,  RECORDED  AT  SEA  WITH 
FRESH  SAMPLES,  OF  SURFACE-FILM-FORMING  BIOLOGICAL  MATERIALS 
WHICH  CAN  GIVE  RISE  TO  SEA  SLICKS,  IN  ADDITION  TO  SARGASSUM 
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© 
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WEED 

31  JULY  1975,  1300.  FRESHLY-SNAGGED  KELP  (FUCUS)  FLOTATION  STRANDS 
FROM  "SLICKED"  REGION  OF  THE  NORTHWEST  ATLANTIC  OCEAN,  TOUCHED 
TO  CLEAN  DISTILLED  WATER  SURFACE.  DISSOLUTION  OF  MOST  OF  THE  FILM 
COMPONENTS  EXUDED  INDICATES  THAT  SURFACE-ACTIVITY  EXHIBITED  IS  DUE 
MAINLY  TO  WATER-INSOLUBLE  PROTEIN  COMPONENTS  PRESENT  IN  MINOR 
PROPORTION.  EOUILIBRIUM  SPREADING  PRESSURE  FOR  THESE  COMPONENTS, 
DETERMINED  IN  SHIPBOARD  "LANGMUIR  TROUGH,"  WAS  APPROXIMATELY 
17  DYNES/CM  SIMILAR  SAMPLE  ACQUIRED  ON  7 AUG  75,  2030,  GAVE  SPREADING 
PRESSURE  OF  ONLY  12  DYNES/CM,  REFLECTING  DEPLETION  OF  SURFACE-ACTIVE 
COMPONENTS  DURING  LONGER  RESIDENCE  AT  SEA.  ALL  COASTAL  KELP  FRAGMENTS 
OBSERVED  AT  SEA  WERE  APPARENTLY  DERIVED  FROM  ACTIVITY  OF  HURRICANE 
BLANCHE  WHICH  REACHED  NOVA  SCOTIA,  CANADA,  ABOUT  10  DAYS  PRIOR  TO 
VOYAGE.'  BUBBLE  STABILITY  IN  FROTH  PATCHES  IN  KELP-SPAWNED  SLICKS  WAS 
ABOUT  20  SECONDS. 

30  JULY  1975  FRESHLY  SNAGGED  JELLY  FISH  FORMED  SURFACE  FILM  ON  CLEAN 
DISTILLED  WATER  WITH  EQUILIBRIUM  SPREADING  PRESSURE  OF  5 DYNES/CM. 
PROBABLY  A MINOR  SOURCE  OF  NATURAL  SEA  SLICKS. 

2 AUG  1875  FRESH  PLANKTON  TOW  FORMED  SURFACE  FILM  ON  CLEAN  DISTILLED 
WATER  WITH  EQUILIBRIUM  SPREADING  PRESSURE  OF  5 DYNES/CM.  SHAKING  THE 
SAMPLE,  DISPERSED  IN  SEAWATER,  TO  SIMULATE  WHITE  CAP  CONDITIONS,  DIS- 
RUPTED'THE  ORGANISMS  SUFFICIENTLY  TO  FORM  A SURFACE  FILM  WITH 
9 DYNES/CM  EQUILIBRIUM  SPREADING  PRESSURE.  NOTE  MINOR  ABSORPTION 
BANDS  FOR  LIPOIDAL  MATERIALS  (FATTY  ACIDS  AND  ESTERS)  IN  THIS  SPECTRUM, 
PROBABLY  REFLECTING  THE  PRESENCE  OF  COMPONENTS  EXTRACTED  BY  ORGANIC 
SOLVENTS  FROM  SEA-SURFACE  FILM  SAMPLES  BY  OTHER  WORKERS. 
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900  JET  DROPS,  RESIDUE 


~900  JET  DROPS, 

DISTILLED  WATER  LEACHED  RESIDUE 


INTERNAL  REFLECTION  INFRARED  SPECTRA  OF  SALT  AND  ORGANIC 
MATTER  EJECTED  WITH  JET  DROPLETS  FROM  SMALL  BUBBLES  BURSTING 
AT  CLEAN  (OVERFLOWING)  SURFACE  OF  SEAWATER.  BUBBLE-BREAKING 
EXPERIMENTS  PERFORMED  ABOARD  SHIP  (BY  DUNCAN  BLANCHARD,  ON 
5 AUG  1975)  WITH  FRESH  SEAWATER. 


BUBBLE  AGED  ABOUT  ONE  SECOND,  BEFORE  REACHING  SURFACE 
BUBBLE  AGED  30-40  SECONDS  BEFORE  REACHING  SURFACE. 
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•gure  32  INTERNAL  REFLECTION  INFRARED  SPECTRA  OF  AN  ABUNDANT  CARBONATE 
(PROBABLY  ORGANICALLY-STABILIZED)  SCALE  FORMED  UPON  DESICCATION 
OF  A WATER  ALIQUOT  FROM  THE  SUPPLY  RECIRCULATED  THROUGH  THE 
UNIVERSITY  OF  MISSOURI  NUCLEI  COUNTER  FOR  2 WEEKS.  SAMPLE 
PROVIDED  BY  D.  ALOFS. 
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Figure  33  INTERNAL  REFLECTION  INFRARED  SPECTRA  OF  MARINE  RAIN  RESIDUES, 
ANALYZED  ABOARD  SHIP  WITHIN  THE  HOUR  OF  SAMPLE  COLLECTION 

© EARLY  RAIN,  VERY  HIGHLY  CONCENTRATED  IN  BOTH  INORGANIC  SALTS 
^ AND  ORGANIC  MATTER. 

© ,©  MATURE  RAIN,  HEAVY  PRECIPITATION,  LESS  CONCENTRATED  IN  SALTS 

AND  ALMOST  FREE  OF  ORGANIC  MATTER. 
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Figure  34  INTERNAL  REFLECTION  INFRARED  SPECTRA,  RECORDED  AT  SEA,  ILLUS- 
TRATING PRESENCE  OF  HIGH  CONCENTRATION  OF  A WATER-SOLUBLE 
ORGANIC  ESTER  IN  FOG  WATER  SAMPLES  COLLECTED  FROM  THE 
UNIVERSITY  OF  DENVER  NUCLEI  SPECTROMETER  CHAMBER,  IN  PREDOM- 
INANTLY CLEAR  AIR.  ALL  SPECIMENS  PROVIDED  BY  V.  SAXENA.  GLASS/ 
PLASTIC  COLLECTION  VESSEL  UTILIZED  FOR  THESE  SPECIMENS. 


CHAMBER  OPERATED  AT  MAXIMUM  SUPERSATURATION. 
CHAMBER  OPERATED  AT  MINIMUM  SUPERSATURATION. 


536 


i 


r 


NtTRATES' 


rCARBONATES 
ESTER  . ■ ■ 1-  • I - 


N-H 

[ COMPOUNDS 


SULFATES 


ORGANIC 
' ESTER 


7 AUG  75,  1435-1635 
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9 AUG  75,  1317-1520 


9 AUG  75,  1317-1520,  DIST.  H2O  LEACHED 


Figure  35  INTERNAL  REFLECTION  INFRARED  SPECTRA,  RECORDED  AT  SEA,  CON- 
FIRMING THE  PRESENCE  OF  HIGH  CONCENTRATION  OF  ORGANIC  ESTER 
(WATER-SOLUBLE)  IN  FOG  WATER  SAMPLES  FROM  UNIVERSITY  OF 
DENVER  NUCLEI  SPECTROMETER  CHAMBER,  OPERATING  IN  SEA-FOG- 
FORMING AIR  MASS.  ALL  SPECIMENS  PROVIDED  BY  V.  SAXENA.  ALL 
GLASS  COLLECT’ ^N  VESSEL  UTILIZED  FOR  THESE  SPECIMENS.  SAMPLE 
ANALYSES  DID  NOT  CHANGE  WHEN  FOG  WATER  RESIDUES  WERE 
ALLOWED  TO  DRY,  OR  SUBLIMATE,  FOR  AN  ADDITIONAL  24  HOURS 
AFTER  THE  FIRST  SPECTRUM  DETERMINED.  THE  FOG  WATER  RESIDUES 
DID  SHOW  DEFINITE  SURFACE  ACTIVITY,  EASILY  FORMING  SURFACE 
FILMS  ON  CLEAN  DISTILLED  WATER  AGAINST  A "PISTON  FILM"  OF 
5 DYNES/CM  EQUILIBRIUM  SPREADING  PRESSURE 


CHAMBER  OPERATED  AT  MINIMUM  SUPERSATURATION,  APPROACHING  FOG  10. 

CHAMBER  OPERATED  AT  MAXIMUM  SUPERSATURATION,  APPROACHING  FOG  12 
(APPARENTLY  SAME  FOG  BANK  AS  FOG  10). 
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PHTHALATE  ESTER  LEACHED  FROM 
"TYGON"  TUBING  DURING  DROPLET 
CONDENSATION 


t DISTILLED  WATER  RINSED 
^PHTHALATE  ESTER  RESIDUE 


Figure  36  INTERNAL  REFLECTION  INFRARED  SPECTRA,  OBTAINED  IN  THE  LABORA- 
TORY, REVEALING  THE  PROBABLE  SOURCE  OF  THE  ORGANIC  ESTER 
COLLECTED  WITH  FOG  WATER  SAMPLES  FROM  THE  UNIVERSITY  OF 
DENVER  NUCLEI  SPECTROMETER  CHAMBER.  LONG-TERM  (48  HOUR) 
EXTRACTION  OF  "TYGON"  BRAND  PLASTIC  TUBING  IN  COOL  DISTILLED 
WATER  DOES  NOT  LEAD  TO  EXTRACTION  OF  ITS  PHTHALATE  ESTER, 

BUT  CONDENSATION  OF  WATER  UPON  THE  TUBING'S  INNER  SURFACE 
DOES  LEAD  TO  EFFICIENT  EXTRACTION  OF  THIS  MATERIAL 


NH^  and  CO  Analysis  of  Air  Camples  Collected 
During  USNl  liayes  Cruise 
duly  ana  August,  1975 

H.  A.  Lamontagrie 
U.  R.  Naval  Research  Laboratory 

Tiie  method  of  analysis  was  done  using  a modified  version  of  the  gas 
chromatographic  tecnnique  of  Svinnerton  et  al  (1962a, bj  and  Swinnerton  £c 
Linnenbom  1,1967).  A lUO  ml  sample  is  concentrated  in  a cold  trap  (allowing 
N., , 0^ , and  CU^  to  be  separated  from  the  CO  and  ) , and  subsequently 
heateci  and  bacfeflushed  onto  a 1.5  meter  5a  molecular  sieve  column  for 
separation.  Carbon  monoxide  is  converted  to  methane  by  passing  over  a 
nickel  catalyst  before  being  introduced  to  the  flame  ionization  detector. 
Using  tnis  size  sampling  loop,  the  lower  limit  of  detection  is  » 10  ppb. 

Taole  1 shows  the  results  of  the  fourteen  samples  collected.  They  have 
been  grouped  into  three  sections:  1)  fog  areas;  2)  non-fog  areas;  and 

3)  non- fog  high  value.  Tne  reason  for  the  first  two  groups  is  obvious. 

It  was  felt  that  the  carbon  monoxide  values  in  samples  fil  and  Z5  were 
much  too  large  for  open  ocean  conditions  and  are  probably  the  result  of 
contamination  even  though  the  methane  values  are  not  exceeuingly  hign; 
thus  the  reason  for  the  third  group.  Average  northern  hemisphere  methane 
and  carbon  monoxide  concentrations  are  1.50  ppm  and  U.15  ppm,  respectively. 

lliere  is  no  significant  difference  for  concentrations  between  the  fog 
and  non- fog  samples,  'iliere  is  however,  a significant  difference  between 
the  CO  concentrations.  A student's  "t"  test  shows  a significant  difference 
at  the  95^  confidence  level,  mo  analysis  for  CH^  and  CO  were  conducted 
on  fog  water  because  of  tne  small  amount  of  water  which  was  collected. 

It  has  been  shown  by  bwinnerton  et.al.  (1971 j that  rainwater  collected  at 
several  sites  was  supersaturated  (up  to  2u0  fold)  with  CO,  but  at  a close 
state  of  equilibriu.il  for  CH4 . It  may  be  possible  tnat  the  fog  itself  is 
acting  as  a scavenging  agent  for  carbon  monoxide,  but  not  for  methane. 

This  would  help  to  explain  tne  lower  values  found  in  the  fog  samples  as 
compared  to  the  non- fog  samples.  If  one  uses  the  average  background 
level  for  CO  as  0.16  ppm  (non-fog  value),  then  fog,  in  tnis  instance, 
can  scavenge  about  207»  of  the  atmospheric  CO  content  within  tne  fog  site. 

At  the  present  time,  it  is  not  possible  to  quantize  the  amount  of  scav- 
enging that  could  have  taken  place;  nor  is  it  possible  to  extrapolate 
the  present  data  to  ail  fogs  and  state  that  the  atmcspneric  CO  concentration 
will  be  lower  within  fogs  than  outside  them. 


Samples 

Number 
Collected  in 

CH),  (ppm) 
Fog  Conditions 

CO (ppm) 

Time /Date 

5 

1.56 

0.11 

09l)0  - 

8/1/75 

6 

1.57 

0.13 

0530  - 

8/6/75 

Zh 

1.55 

0.13 

1720  - 

8/9/75 

10 

1.56 

0.13 

1515  - 

6/10/75 

Average 

1.56 

0.13 

Samples 

Collected  in 

Non  Fog  Conditions 

2 

1.55 

O.lU 

2020  - 

8/1/75 

3 

I.5H 

0.19 

1352 

B/2/75 

I4 

1.56 

0.15 

1500  - 

6/3/75 

T 

1.56 

0.19 

1100  - 

8/6/75 

e 

1.53 

O.ll 

2020  - 

8/6/75 

9 

1.56 

0.15 

1300  - 

8/7/75 

11 

1.56 

O.lh 

1730  - 

8/17/75 

12 

1.53 

0.17 

1210  - 

8/18/75 

Average 

1.55 

0.16 

Samples 

Collected  in 

Non  Fog  Conditions  - High  Values 

1 

1.59 

0.33 

1800  - 

7/30/75 

Z5 

1.63 

0.31 

I7I5  - 

8/11/75 

Average 

1.61 

0.32 

Svinnerton  J.  W. , V.  J.  Linnenbom,  and  C.  H.  Cheek,  (1962a),  "Determinaf 
of  dissolved  in  aqueous  solution  by  gas  chromatography"  Anal.  C'hem. , 

l*83-U85. 

Svinnerton  J.  W. , V.  J.  Linnenbom,  and  C.  H.  Cheek,  (l962b),  "Revised 
sampling  procedure  for  determination  of  dissolved  gases  in  solution 
by  gas  chromatography,"  Anal.  Chem,  , 1509. 

Svinnerton  J.  W.,  and  V.  J.  Linnenbom,  ( 1967a),  "Gaseous  hydrocarbons  in 
seavater:  determination,"  Science,  156 , 1119-1120. 

Svinnerton  J.  W.,  R,  A.  Lamontagne,  and  V.  J,  Linnenbom,  (1971 ) "Carbon 
monoxide  in  rainvater,"  Science  172 , 9>43-9U5. 
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The  USNS  MYES  changed  course  to  330  shortly  after  0830  at  U3°N, 

62'^21W.  High  altitude  winds  continued  strong  and  northerly,  but  conflicting 
surface  wind  indications  from  the  two  weather  map  sources  are  shown  by  two 
5 knot  surface  wind  flags.  Measured  true  wind  w'as  unavailable  until  after 
1200  when  generally  light  winds  swinging  from  south  to  east  prevailed  for 
the  remainder  of  the  day.  Visibility  was  unlimited  and  radon  was  15  pCi  m 
at  0800.  The  lower  shipboard  wind  measurement  as  translated  into  true  wind 
is  designated  by  "L"  when  there  was  a consistent  difference. 


AIR  MASS  ORIGINS 

The  quantity  and  reliability  of  iiiformation  obtainable  from  analysis 
of  meteorological  data  is  proportional  to  the  extent  of  the  analysis.  In 
order  to  trace  an  air  parcel  for  a period  of  several  days  minimally  requires 
twelve  hourly  backtracking  from  the  point  of  interest  on  surface,  and  higher 
altitude  maps  (TOO  or  500  mb)  as  well  as  establishing  the  ascent  or  subsidence 
of  air  along  the  route  from  satellite/IR , or  microwave,  or  other  data. 

The  suggestions  of  air  mass  origins  presented  here  are  from  sim.ple 
observation  of  weather  maps  and  ship  wind  data  and  refer  to  the  recent  past. 

Throughout  most  of  the  cruise,  agreement  between  ship  and  weather  map  data  and 
the  overall  weather  picture  were  good  enough  to  establish  the  recent  history  ' 

of  the  air  in  the  vicinity  of  the  ship,  and  the  overall  situation  could  be  ; 

interpreted  during  most  fog  events.  i 

On  31  July,  a high  pressure  area  over  Delaware  has  strengthened  and  j 

together  with  a low  pressure  south  of  Newfoundland  result  in  a slow 
but  well  defined  flow  of  air  from  over  northern  New  England  and  the  Maritime 
provinces  to  the  vicinity  of  the  HAYES  which  is  now  approaching  Nova  Scotia. 

Wind  data  from  the  ship  and  the  map  are  in  good  agreement  and  the  high  radon 
confirms  the  recent  continental  origin  of  the  air.  Beginning  on  1 August 
and  continuing  through  2 August  and  into  3 August,  the  surface  air  movements 
are  not  well  defined,  although  the  TOO  and  500  mb  air  movements  remain  more 
or  less  northerly  and  at  30  to  50  knots.  Surface  winds  and  pressure  gradients 
are  weak.  For  example,  at  1200Z  on  2 August,  two  surface  weather  maps  suggest 
local  winds  of  5 knots  from  290°  and  0^*0°  respectively,  while  subsequent 
ship  data  is  from  l80°.  The  moderate  continental  contribution  (lO  to  15 
pCi  m“^)  and  surface  maps  indicate  that  the  air  may  have  been  over  the  US 
and  traveled  to  the  area  of  the  ship  via  counterclockwise  motion  around  a 
weak  low  pressure  area.  However,  the  radon  data  is  equally  consistent  with 
the  proposal  by  Lee  (19T6)  that  the  high  level  northerly  flow  of  air  over 
Nova  Scotia  subsided  and  was  subsequently  returned  to  the  area  of  the  ship 
by  southerly  winds. 

By  the  afternoon  of  3 August , the  winds  at  all  levels  are  northeast 
at  10  knots  and  the  continental  influence  is  being  reduced  by  the  infl’ux  of 
maritime  air.  The  low  concentrations  of  radon  on  U August  are  the  result  of 
a well  defined  flow  of  air  from  the  Mid-Atlantic  into  the  area.  The 
fluctuations  on  the  fourth,  as  well  as  other  days,  are  characteristic  of  being 
near  land  (less  than  200  miles  or  so  from  the  coast)  where  local  mixings 
and  eddies  may  occur  in  any  flow  other  than  almost  directly  off  shore. 


5a3 


The  USNS  HAYES  changed  course  to  330  shortly  after  O83O  at 


62^21W.  High  altitude  winds  continued  strong  and  northerly,  but  conflicting 
surface  wind  indications  from  the  two  weather  map  sources  are  shown  by  two 
5 knot  surface  wind  flags.  Measured  true  wind  was  unavailable  until  after 
1200  when  generally  light  winds  swinging  from  south  to  east  prevailed  for 
the  remainder  of  the  day.  Visibility  was  unlimited  and  radon  was  15  pCi  m 
at  0800.  The  lower  shipboard  wind  raeasurem.ent  as  translated  into  true  wind 
is  designated  by  "L"  when  there  was  a consistent  difference. 

AIR  MASS  ORIGINS 

The  quantity  and  reliability  of  information  obtainable  from  analysis 
of  meteorological  data  is  proportional  to  the  extent  of  the  analysis.  In 
order  to  trace  an  air  parcel  for  a period  of  several  days  minimally  requires 
twelve  hourly  backtracking  from  the  point  of  interest  on  surface,  and  higher 
altitude  maps  (700  or  500  mb)  as  well  as  establishing  the  ascent  or  subsidence 
of  air  along  the  route  from  satellite/IR , or  microwave,  or  other  data. 

The  suggestions  of  air  mass  origins  presented  here  are  from  simple 
observation  of  weather  maps  and  ship  wind  data  and  refer  to  the  recent  past. 
Throughout  most  of  the  cruise,  agreement  between  ship  and  weather  map  data  and 
the  overall  weather  picture  were  good  enough  to  establish  the  recent  history 
of  the  air  in  the  vicinity  of  the  ship,  and  the  overall  situacion  could  be 
interpreted  during  most  fog  events. 


On  31  duly,  a high  pressure  area  over  Delaware  has  strengthened  and 
together  with  a low  pressure  south  of  Newfoundland  result  in  a slow 
but  well  defined  flow  of  air  from  over  northern  New  England  and  the  Maritime 
provinces  to  the  vicinity  of  the  HAYES  which  is  now  approaching  Nova  Scotia. 
Wind  data  from  the  ship  and  the  map  are  in  good  agreement  and  the  high  radon 
confirms  the  recent  continental  origin  of  the  air.  Beginning  on  1 August 
and  continuing  through  2 August  and  into  3 August,  the  surface  air  m.ovements 
are  not  well  defined,  although  the  TOO  and  500  mb  air  movements  remain  more 
01  less  northerly  and  at  30  to  50  knots.  Surface  winds  and  pressure  gradients 
are  weak.  For  example,  at  1200Z  on  2 August,  two  surface  weather  maps  suggest 
local  winds  of  5 knots  from  290°  and  OI4OO  respectively,  while  subsequent 
ship  data  is  from  l80°.  The  moderate  continental  contribution  (lO  to  15 
pCi  m~^)  and  surface  maps  indicate  that  the  air  may  have  been  over  the  US 
and  traveled  to  the  area  of  the  ship  via  counterclockwise  motion  aro’ond  a 
weak  low  pressure  area.  However,  the  radon  data  is  equally  consistent  with 
the  proposal  by  Lee  (19T6)  that  the  high  level  northerly  flow  of  air  over 
Nova  Scotia  subsided  and  was  subsequently  returned  to  the  area  of  the  ship 
by  southerly  winds. 

By  the  afternoon  of  3 August , the  winds  at  all  levels  are  northeast 
at  10  knots  and  the  continental  influence  is  being  reduced  by  the  infl'.uc  of 
maritime  air.  The  low  concentrations  of  radon  on  L August  are  the  result  of 
a well  defined  flow  of  air  from  the  Mid-Atlantic  into  the  area.  The 
fluctuations  on  the  fourth,  as  well  as  other  days,  are  characteristic  of  being 
near  land  (less  than  200  miles  or  so  from  the  coast)  where  local  mixings 
and  eddies  may  occur  in  any  flow  other  than  almost  directly  off  shore. 


t 
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Shortly  after  2000  hour  local  time  on  ^ August,  the  winds  swing  aro'.ind 
to  generally  northerly  direction  at  10  knots  and  by  0600  on  the  5th,  we  were 
moving  into  continental  air  about  60  miles  off  Nova  Scotia.  Later  in  the  'lay, 
the  USNS  ILAYES  moved  further  east  and  out  of  air  coming  from  mostly  over  land 
into  air  which  had  spent  more  time  over  the  water  north  and  east  of  Nova  Sccr.i-i 
High  radon  near  Nova  Scotia  may  be  a consequence  of  being  rather  close  to  a 
large  land  area  in  terms  of  both  insufficient  time  for  radon  to  decay  or  be 
vertically  transported.  These  measurements  are  surface  measurement.^  and  as  sue 
can  be  related  to  the  total  coliunnar  radon  only  if  vertical  profiles  are  known 
or  can  be  estimated  from  knowledge  of  the  air  mass  history  extending  back 
several  days . 

On  7 and  8 August,  the  air  mass  movements  are  not  clear  with  a genern ' 
westerly  flow  off  the  US  and  Canada  at  higher  altitudes  contending  with 
a weak  surface  counterclockwise  flow  around  a low  pressure  area  off 
New  Jersey.  Maritime  radon  concentrations  on  the  ninth,  tenth,  and  eleventh 
(until  the  HAYES  returned  to  the  "continental''  air  near  Halifax)  are  a 
consequence  of  radon  decay  during  transit  from  land  areas  at  the  slow  advectior 
rates  prevailing  as  indicated  by  the  low  winds  at  all  altitudes,  and/or  to 
the  increased  mixing  of  clear  equatorial  air  into  the  prevailing  northeast eriy 
air  flows. 


RFFE.bEHCES 

"Methods  of  Air  Sampling  and  Analysis,"  published  by  American  fubiic  lienlth 
Association,  Wasliington,  D.  C.  i97?. 

Larson,  H.  E. , "rmc.  Inst,  and  Meth.,"  Vol.  108 , No.  7,  pp.  467-^'70,  luT7. 
Leo,  S.  C.,  Trans.  AGU , Vol.  t>7 , No.  4,  p.  25'i,  1976. 
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PHYFTCAL  KFFECTS  OF  SURFACE-ACTIVE  MATERIAL  PRESEKT  IK  MJJ^IKE  FoG 


WATER  COLLECTED  NEAP  THE  COAST  OF  KOVA  SCORIA, 


WilliaT!  R.  Ib.rger 
Chemical  Oceanography  Branch 
Naval  Research  Laboratory 


Very  small  quantities  of  surface-active  material  may  have  a - ' gnificant 
effect  on  the  formation  or  dissipation  of  fog  or  haze.*>^  At  present,  little 
is  known  with  certainty  about  the  effects  of  this  material  in  nature,  although 
it  has  been  found  on  the  sea  surface  3>‘*,5^  is  known  to  be  transported  into 
the  marine  atmosphere^',  and  is  associated  with  particulate  material  filtered 
from  clear  air  over  the  sea’^i^.  Surface-active  film-forming  ma^eriai  was 
found  in  the  fog  water  collected  during  the  cruise  of  the  IISKS  HAYES  near 
the  coast  of  Nova  Scotia  -"rom  July  ?9  to  August  12,  1975^. 

Fog  Water  Collection  Methods 

Fog  water  was  collected  by  personnel  from  the  Calspan  Corporation  and 
from  the  Naval  Research  Laboratory.  Sa.T.ples  were  obtained  from  both  groups 
in  order  to  examine  the  surface-ect ive  film.-fcrmlng  material.  The  methods 
used  by  the  two  groups  to  collect  fog  water  were  quite  different.  Since 
they  are  explained  elsewhere,  dei  ailed  de.-criptions  o*'  the  methods  will 
not  be  repealed  here.  Priefl.v,  ♦d;i-  NKI.  me'  i- q coni'. ' ed  of  impinging  tlir 
fog  drops  on  a large  nylon  screer.if  mount  ' si.  ve  ‘ho  i;ow  as  the  ship's 
forward  motion  caused  the  fog-drop  ’ad--  al-  to  pass  through  the  screen. 

The  water  from  the  coalescing  droplets  ran  down:  the  screen  into  a collection 
vessel.  The  Calspan  technique  emplcyed  . metal  bar  with  collection  vessels 
mounted  at  each  end  which  was  attached  to  an  electric  motor  and  rotated  at 
high  speed  in  the  fashion  of  a propeller’^.  Fog  drops  were  impinged  on  the 
rotating  metal  bar  and  due  to  the  canfifugal  force  ran  down  the  bar  into 
the  collection  vessels. 

Sample  Treatment 

The  glass  stoppered  bottles  for  the  fog  water  that  were  supplied  to  the 
investigators  prior  to  the  cruise  were  cleaned  with  sodium  dichromate  in 
sulfuric  acid  and  rinsed  with  distilled  water.  An  acetone  rinse  removed  the 
water.  When  dry,  the  bottles  were  rinsed  again  with  AF  grade  chloroform  and 
dried.  The  bottles  were  then  wrapped  in  aluminum  foil  to  keep  them  clean. 

To  inhibit  biological  activity  in  the  samples,  the  investigators  were  asked 
to  add  1 nl  of  chloroform  to  each  bottle  of  fog  water  before  sealing  for  return 
to  the  laboratory.  After  closing,  the  bottles  were  again  ■wrapped  In  aluminum, 
foil  to  keep  them  clear,  during  shipm.ent  to  the  laboratory  for  determination 
of  force  vs  area  isotherms  of  any  surface-active  film-forming  miaterial  that 
might  be  present.  All  HO  ml  samrles  still  contained  chloroform  when  the 
surface  chemistry  studies  began  on  October  2,  1975.  Particulate  material 
was  present  in  all  samples.  The  particles  in  these  samples  must  have  been 
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present  in  the  fog  since  the  presence  of  chloroform  in  the  samples  essentially 
eliminated  the  possibility  of  the  material  being  formed  by  biological  action 
during  storage. 

Experimental  Technique 

A small  trough  1*0  cm  long  by  3 cm  wide  andjimn  deep  was  constructed  of 
acrylic  plastic  to  hold  50  ml  of  fog  water  for  the  determination  of  the 
film  pressure  vs.  area  isotherm  of  the  surface  film  formed  on  each  fog 
water  sample.  The  last  5 cm  of  the  channel  was  made  5 cm  wide  to  keep 
the  sensor  away  from  the  channel  walla.  A film  pressure  vs.  area  Isotherm 
is  analogous  to  a pressure  vs.  volume  diagram  for  a two  dimensional  gas. 

It  describes  the  change  in  film  pressure  as  the  surface  area  available  to 
the  film  is  changed.  Film  pressure  is  simply  the  difference  between  the 
siirface  tension  of  pure  water  and  the  surface  tension  of  water  covered  by 
an  adsorbed  film.  It  was  not  necessary  to  know  the  detailed  chemical 
composition  of  the  film-forming  material  to  determine  its  effect  on  surface 
tension,  since  changes  in  surface  tension  could  be  monitored  directly  as 
a function  of  surface  concentration  by  merely  compressing  the  surface  to 
smaller  areas  with  a movable  bar.  Samples  of  fog  water  were  opened  Just 
prior  to  determining  the  film  pressure  vs.  area  curves,  and  filtered  air 
was  passed  through  a glass  tube  introduced  to  the  bottom  of  the  bottles  to 
evaporate  the  chloroform  remaining  in  each  sample.  The  bottles  were  tilted 
in  such  a way  that  no  Jet  drops  from  the  bursting  bubbles  were  lost.  The 
air  tube  was  withdrawn,  and  the  glass  stopper  replaced.  The  sample  was 
shaken  vigorously,  and  50  ml  was  poured  into  a graduated  cylinder  and  then 
transferred  to  the  small  trough.  Surface  tension  was  determined  by  the 
Wllhelmy  Plate  technique^^  using  apparatus  described  in  detail  in  another 
publication. S' 

The  specially  constructed  small  trough  was  not  necessary  for  the  500  ml 
fog  water  samples.  These  larger  samples  were  added  directly  to  the  exit  ng 
large  triangular  trough  of  the  apparatus.  The  apparatus  was  cleaned  between 
runs  with  triply  distilled  water.  A run  using  this  triple  distilled  water 
showed  no  change  in  surface  tension  as  the  bar  moved  over  the  water  surface 
leaving  a smaller  and  smaller  area  for  any  surface  film  to  occupy.  However, 
singly  distilled  water  (not  previously  swept  clean  with  a bar)  contained 
enough  surface-active  material  to  produce  the  curve  Illustrated  in  Fig.  2. 

The  curve  for  singly  distilled  water  is  Included  to  give  an  indication  of 
the  quantities  of  material  being  examined  and  also  an  appreciation  of  the 
need  for  extreme  cleanliness  when  performing  such  measurements. 

Results 

The  film  pressure  vs.  area  curves  determined  for  the  fog  water  samples 
are  shown  in  Figures  1,  2,  and  3.  Since  the  samples  examined  were  of  two 
different  volumes,  50  and  500  ml,  the  area  covered  by  the  films  is  piesented 
as  area  per  milliliter  of  sample.  Film  pressure  is  equal  to  the  surface 
tension  of  clean  water  minus  the  surface  tension  of  water  covered  by  a 
film.  Since  the  surface  tension  of  clean  water  is  approximately  72  dynes/cm 
at  25°C  a film  pressure  of  20  dynes/cm  is  approximately  equivalent  to  a surface 
tension  of  52  dynes/cm.  The  farther  to  the  right  that  the  curve  for  a 
sample  lies,  the  more  surface-active  material  is  present  in  that  sample, 
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assuming  that  the  composition  of  the  material  is  the  same. 

The  curves  for  the  'JO  ml  samples  vere  not  carried  to  film  pressures  as 
high  as  the  500  ml  samples  because  there  vas  less  material  to  work  with.  All 
of  the  samples  probably  would  have  reached  a film  pressure  of  more  than 
30  dynes/cm  if  the  area  covered  by  the  film  could  have  been  reduced 
sufficiently.  There  are  no  striking  differences  between  the  curves  for 
samples  collected  by  the  two  techniques,  nor  are  there  significant  differences 
in  apparent  concentration  due  to  the  difference  in  sizes  of  the  samples.  It 
is  likely  that  the  curves  reported  here  represent  less  than  the  full 
amount  of  surface-active  material  present  in  the  original  fog  water  for 
two  reasons.  .Some  of  the  tiny  bubble  film  drops  may  have  escaped  during 
the  removal  of  chloroform  from  the  samples  carrying  with  them  adsorbed 
surface-active  material,  and  during  the  determination  of  the  force-area 
curves  some  of  the  surface-active  material  was  probably  adsorbed  on  the  surface 
of  the  particulate  matter  observed  in  all  samples. 

Comparison  to  Other  IMvironmental  Samples 

It  is  of  Interest  to  relate  these  samples  to  samples  of  clear  marine 
air,  and  to  samples  of  sea  surface  water,  since  natural  surface  films 
occurring  in  these  other  two  media  have  teen  studied,  although  the  data 
is  sparse.  Comparison  of  the  film  pressure  vs.  area  curves  for  the  11 
fog  water  samples  to  sea  water  samples  collected  I mile  off  shore  from 
Mission  Bay,  California^,  can  be  made  directly,  since  both  sets  -f  data 
can  be  expressed  in  terms  of  film  area  per  milliliter  of  water  sampled. 

The  resxilts  are  shown  in  Figure  Ij.  and  indicate  that  in  the  samples  examined, 
the  fog  water  apparently  contained  more  surface-active  material  than  the 
sea  surface  water.  The  sea  surface  water  .samples  were  taken  by  touching  a 
screen  to  the  surface  and  then  draining  the  water  trapped  between  the  wires. 

In  theory,  this  method  collects  only  the  top  fraction  of  a millimeter  of  the 
water,  but  in  practice,  because  the  sea  surface  is  not  perfectly  flat,  some 
water  from  a few  centimeters  below  the  surface  is  sam.pled.  Therefore,  a 
high  concentration  of  surface-active  .material  on  the  surface  skin  of  the  sea 
would  be  somewhat  diluted  by  water  from  below  when  sampled  by  a screen  and 
then  expressed  in  terras  of  film  area  per  ml  of  water.  However,  the  screen 
technique  is  the  best  non-selective  surface  sampling  method  known  at  this 
time.  As  a consequence  of  the  dilution,  the  band  representing  the  lli 
seawater  surface  samples  in  Figure  1*  is  probably  displaced  to  the  left  of 
the  position  that  it  would  occupy  if  only  the  surface  skin  of  the  water  was 
sampled. 

A comparison  of  the  fog  water  results  to  surface  film  data  for  clear 
air  was  more  difficult  than  a comparison  to  sea  water  since  clear  air  data 
were  stated  in  term.s  of  film  pressure  vs.  film  area  per  cubic  meter  of  air. 
However,  since  the  liquid  water  content  of  some  of  the  fogs  was  known  (ml/m^), 
the  volumes  of  fog  water  collected  could  be  expressed  in  terms  of  the 
corresponding  volumes  of  air  that  they  represented.  The  liquid  water  content 
of  the  fogs  near  Nova  Scotia  were  monitored  by  the  Calsnan  group,  and  sufficient 
data  were  obtainedl”^  to  determine  the  corresponding  air  volume  represented  by 
the  fog  water  samples  examined  for  3urfac«‘-actlve  material.  Tata  supplied 
were  averaged  and  are  shown  in  Table  1. 
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Since  the  data  In  Figures  1-3  were  computed  in  terms  of  film  area 
per  ml  of  fog  water,  the  abcissa  values  could  simply  multiplied  by  the 
corresponding  water  content  (ml/m3)  to  give  the  film  area  per  cubic  meter 
of  air.  This  enabled  a comparison  of  the  film  pressure  vs.  area  curves 
of  the  fog  water  to  curves  for  surface  active  material  In  clean  air  sampled 
on  a previous  cruise  in  the  equatorial  Pacific  Ocean.  In  Figure  5 data 
for  B fng  water  samples  are  compared  to  data  for  particulates  removed  from 
1?  clear  air  samples.  The  horizontal  bars  crossing  the  lines  for  the  average 
values  extend  one  standard  deviation  on  each  side.  Although  the  conversions 
to  corresponding  air  volumes  through  fog  water  content  values  may  be  slightly 
in  error,  they  are  sufficiently  accurate  to  illustrate  that  the  marine  fog 
water  collected  off  the  coast  of  Nova  Scotia  apparently  contained  less 
surface-active  material  than  particulates  filtered  from  clear  air  in  the 
equatorial  Pacific.  Clear  marine  air  data  from  near  the  Nova  Scotia  Coast 
vo\iId  be  of  greater  interest  than  Pacific  data  for  comparison  with  the 
fog  samples,  but  no  such  data  exists  at  this  time.  There  may  be  significantly 
less  surface  film  forming  material  in  fog  water  than  in  clear  air  or  there 
may  not  be.  The  clear  air  particulate  samples  were  filtered  with  glass 
fiber  filters  in  high  volume  samplers.  It  is  believed  that  essentially 
all  particulate  material  was  collected  by  this  technique,  since  nearly  100>t 
of  the  particles  greater  than  0.3  pni  in  diameter  are  collected  by  glass  fiber 
filters^^.  The  methods  used  to  collect  the  fog  water,  on  the  other  hand, 
definitely  discriminate  against  the  collection  of  smaller  particles.  There 
is  reason  to  believe  that  the  smallest  particles  may  carry  the  highest  amounts 
of  surface-active  material.  If  this  is  true,  the  data  presented  here  for  fog 
water  may  be  low  compared  to  the  true  average  vetlue  describing  the  full 
spectrum  of  droplet  and  particle  sizes  in  the  air  from  which  the  fog  water 
vas  collected.  Some  particles  coated  with  surface-active  films  may  not  act 
as  nuclei  for  fog  drops  at  all,  in  which  case  the  curves  due  to  the  fog 
drops  would  show  less  surface-active  material  relative  to  the  actual  content 
of  the  air  in  which  the  fog  forms.  Much  more  data  will  have  to  be 
obtained  before  a clear  picture  of  the  situation  that  actually  exists  can 
be  determined. 

Conclusions 

Surface-active  material  capable  of  forming  a film  on  fog  drops  and 
depressing  the  surface  tension  value  below  that  due  zo  pure  water  was  found 
in  every  fog  water  sample  examined.  The  change  in  film  pressure  due  to  a 
reduction  in  the  area  available  for  the  film  was  presented  in  Figures  1-3. 
Since  as  a droplet  evaporates,  the  surface  area  decreases,  these  curves  may 
provide  Insight  into  dissipation  behavior  of  fogs.  A definitive  comparison 
of  films  associated  with  fog  water  to  films  found  on  the  surface  of  the  sea 
and  to  films  associated  with  airborne  particulate  matter  cannot  be  made 
at  this  time  although  speculations  based  on  the  data  presently  available 
have  been  made. 
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Avcru(jed  Liquid  Water  Content  of  Foga  Sampled  Near  the  Coast  of  Nova  Scotia* 


3 August  1975 

4 August  1975 

5 August  1975 

7 August  1975 

8 August  1975 


* 

assuming  1 gm  fog  water  = 1 ml 
^Source:  E.  J.  Mack,  Calspan  Corp, 
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Film  pressure  vs.  area  isotherms  for  50  ml  fog  vater  samples 
collected  by  the  Calspan  rotating  sampler.  To  convert  a film 
pressure  value  to  the  co>*resnonding  value  of  surface  tension 
♦ 1 dyne/cm,  subtract  ..he  film  pressure  from  7p  dynes/cm 
Tat  25*^C).  When  two  curves  are  compared,  a greater  .amount  of 
siorface-actlve  material  is  indicated  by  the  curve  lying  to  ^ he 
right. 

Film  pressure  vo.  area  isotherms  for  SO  ml  fog  water  samples 
collected  by  the  NHL  nylon  'creen  collector.  To  convert  a 
film  pressure  value  to  the  corresponding  value  of  surface 
tension  +1  dyne/cm,  subtract  the  film  pressure  from  72  dynes/cm 
(at  25°cT.  When  two  curves  are  compared,  a greater  amoimt  of 
surface-active  material  is  indicated  by  the  curve  lying  to  the 
right . 

Film  pressure  vs.  area  isotherms  for  500  ml  fog  water  samples 
collected  by  the  NRL  nylon  screen  collector.  To  convert  a 
film  pressure  value  to  the  corresponding  value  of  surface 
tension  +1  dyne/cm,  subtract  the  film  pressure  from  72  dynes/cra 
(at  25°cT.  When  two  curves  are  compared,  a greater  amount  of 
surface-active  material  Is  indicated  by  the  curve  lying  to  the 
right . 

Comparison  of  film  pressure  vs.  area  data  for  fog  water  and 
for  sea  surface  water.  All  samples  examined  lie  within  the 
cross  hatched  areas.  To  convert  a film  pressure  value  to 
the  corresponding  value  of  surface  tension  +1  dyne/cm,  subtract 
the  film  pressure  from  72  dynes/cm  (at  25®cT.  When  two  curves 
are  compared,  a greater  amount  of  surface-active  material  is 
Indicated  by  the  curve  lying  to  the  right. 

Comparison  of  film  pressure  vs.  area  data  for  fog  water  and  for 
particles  filtered  from  clear  air.  The  horizontal  bars  extend 
to  one  standard  deviation  on  both  sides  of  the  curves  representing 
the  arithmetic  means  of  each  group  of  samples.  To  convert  a 
film  pressure  value  to  the  corresponding  value  of  surface  tension 
dyne/cm,  subtract  the  film  pressure  from  72  dynes/cm  (at25°C), 
When  two  curves  are  compared,  a greater  amc unt  of  surface-active 
material  is  indicated  by  the  curve  lying  to  the  right. 
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Tr!FT,nFrJCE  OF  DISSOL^/ED  ORGANIC  MATERIAL  IN  THE  REA 
on  THE  EJECTION  HEIGHTS  OF  JET  DROPS 
by- 

Duncan  C.  Blanchard 
Atmospheric  Sciences  Research  Center 
State  University  of  New  York  at  Albany 

Abstract 

Durinp;  cruises  of  the  USNS  Hayes,  in  both  the  Atlantic  a..d  Pacific 
Oceans,  samples  of  seawater  and  fog  -water  were  collected  ana  test- 
imm.ediately  in  a bubble  aging  tube.  With  this  device  data  were  obtained 
on  the  ejection  height  of  the  top  jet  drop  as  a function  of  the  time  spent 
by  an  air  bubble  in  rising  to  the  surface  of  the  water.  In  all  cases  a 
decrease  in  jet  drop  height  was  observed  with  increasing  bubble  age.  It 
is  thought  that  this  is  caused  by  the  adsorption  onto  tiie  bubble  of 
dissolved  surface-active  organic  material  in  the  sen.  This 
lo-wers  the  bubble  surface  free  ene'rgy,  the  source  of  tiif  '-nergy  for  the 
ejection  of  the  jet  drops.  The  characteristics  of  the  height-age  curve 
vary  from,  one  seawater  sample  to  the  next,  reflecting  differences  in  the 
nat'ire  of  the  dissolved  surface-active  organic  m.aterial. 


1.  Introduction 

About  lOl^  tons  of  sea  salt  are  ejected  from,  the  World  Ocean  into  the 
atm.osphere  each  year  (Blanchard,  1963)-  Most  of  this  probably  origi.nated 
-s  jet  drons  from,  air  bubbles  bursting  at  the  surface  of  the  sea.  Since 
‘■he  initial  kinetic  energy  of  the  jet  drops  is  derived  from,  the  bubble 
surface  free  energ;,'-,  it  follo-ws  that  the  adsorption  of  the  surface-active 
s-necies  of  organic  material  dissolved  in  the  sea  will  lower  the  bubble 
rface  free  energy  and,  presimnably,  the  ejection  height  of  the  je-^  dro’-r- 
' Blanchard,  1975). 

The  organic  material  is  skimm.ed  off  the  bubble  surface  via  a bubble 
^■'icrotcm.e  effect  (Maclnt:rre,  1968),  and  ejected  into  the  atmosphere  on 
•.he  jet  drops.  This  mechanism  no  doubt  contributes  to  the  high  concen- 
trations or  organic  material  that  have  been  found  on  the  marine  sea-salt 
aerosol  (Barger  and  Garrett,  1970;  Blanchard,  1968;  Hoffman  and  Duce,  197^--). 
Recent  laboratory  experiments  by  Hoffman  (1975)  have  convincingly  shown 
that  at  least  a part  of  the  organics  found  on  the  aerosol  were  adsorbed 
o:.  air  bubbles  before  they  burst  at  the  surface  of  the  water. 

if  the  above  reasoning  is  correct  then  one  ought  to  be  able  to  do 
I'xper iments  with  fresh  samples  of  seawater,  and  obtain  data  that  show 
'"^re-..-,cs  of  jet  drop  ejection  height  with  increasing  bubble  age.  The 
■■ape  r ■’  -he  heip-'nt-age  curve  should  depend  on,  among  other  things,  the 
-:  nc^T.-rati-'n , and  perhaps  species,  of  dissolved  surface-active  organic 
.•'""i-'l  in  the  seawater.  Experiments  to  test  these  ideas  were  carried 
1’-  ing  two  cruises  of  the  USNS  Hayes.  Although  it  was  not  possible 
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during  the  work  on  the  Hayes  to  obtain  data  on  the  organic  content  of  the 
seawater  samples  or  of  the  jet  drops,  it  was  felt  that  this  first  study 
could  reveal  interesting  height-age  relationships  suggestive  of  a major 
role  played  by  trace  organics  in  the  sea  in  determining  the  ejection 
height,  size,  and  concentration  of  materials  in  Jet  drops. 

2.  The  experiments 

All  of  the  data  were  obtained  with  a bubble  aging  tube  (Fig.  l).  The 
sample  of  seawater  to  be  tested  was  placed  in  the  aging  tube,  and  a stirring 
rod  used  to  move  the  water  slowly  in  a counter-clockwise  direction.  As  the 
water  moved  down  through  the  constriction  its  velocity  increased  to  about 
30  cm  s“^.  In  the  section  of  the  aging  tube  beneath  the  constriction  a 
velocity  gradient  was  established.  Accordingly,  a bubble  released  from  the 
capillary  tip  rose  to  the  point  where  its  rise  speed  was  equal  to  the 
downwelling  speed  of  the  water,  and  there  it  remained.  At  the  end  of  any 
desired  time  the  stirring  rod  was  turned  off.  The  bubble  rose  to  the 
surface  to  burst  and  eject  jet  drops  into  the  air.  Other  than  the  fact 
that  the  hydrostatic  pressure  is  constant,  the  bubble  aging  tube  models 
reasonably  well  the  motion  through  the  water  of  air  bubbles  produced  by 
whltecaps  (Blanchard  and  Woodcock,  1957).  Details  of  the  construction 
and  use  of  the  aging  tube,  and  how  to  nrcduce  one  bubble  upon  demand, 
can  be  found  elsewhere  (Blanchard,  1963). 

Kach  day  during  the  work  at  sea,  and  sometim.es  twice  a day,  the  entire 
apparatus  was  taken  apart  and  thoroughly  cleaned.  The  capillary  tip  was 
bubbled  for  20  or  30  minutes  in  acetone,  then  rinsed  in  distilled  water. 

The  aging  tube,  stirring  rod,  and  stopper  were  scrubbed  with  a hot 
detergent  solution,  rinsed  with  hot  tap  water,  and  finally  with  distilled 
water. 

The  air  for  the  bubbles  came  from  a small  air  pum.p.  It  was  filtered 
through  a column  of  cotton  wool  to  remove  particles,  and  then  through 
activated  charcoal  to  remove  any  organic  vapors  that  might  be  present. 

In  order  to  keep  the  bubble  size  constant  the  same  capillary  tip  was 
used  in  all  experiments.  In  a few  of  the  experiments  the  seawater  was  split 
into  two  parts.  A large  capillary  tip  was  used  in  the  first  sample  of 
seawater,  and  a small  one  in  the  second.  Thus  two  bubble  sizes  were  obtained, 
and  a comparison  of  two  height  vs.  age  curves  could  be  made  on  the  same 
seawater  specimen. 

During  the  first  few  experiments  the  surface  of  the  water  where  the 
bubbles  burst  was  kept  free  from  surface-active  films  by  providing  a 
near-continuous  overflow  of  the  water.  This  was  done  by  letting  water 
drip  slowly  into  the  top  of  the  right-hand  branch  of  the  aging  tube.  Since 
this  is  higher  than  the  left-hand  branch,  all  of  the  overflow  of  water  took 
place  on  the  left.  It  was  soon  found  that  the  ejection  heights  depended 
prim.arily  on  the  age  of  the  bubble,  provided  the  water  surface  was  clean 
initially,  so  most  of  the  experiments  were  done  using  an  overflow  supplied 
by  hand  periodically  from  a beaker  of  water.  Only  during  heavy  seas  w’hen 
violent  rolling  of  the  ship  caused  water  to  spill  from  the  aging  tube  was 
the  continuous  overflow  used. 
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The  ejection  height  of  the  jet  drops  was  obtained  with  the  naked  eye. 

A transparent,  plastic,  millimeter  scale  was  placed  vertically  over  the 
water  only  2 to  3 mm  away  from  the  vertical  path  followed  by  the  jet  drops, 

''■!th  the  use  of  proper  illumination  and  by  observing  tlie  drops  in  forward 
scattered  light  against  a dark  background,  it  was  a simple  matter  to  determine 
within  about  one  millimeter  the  drop  ejection  heights.  Although  several  jet 
drops  are  ejected  per  bubble,  time  limitations  prevented  observations  on 
other  than  the  top  jet  drops.  The  changes  in  drop  ejection  height  vs.  bubble 

age  for  the  second  the  third  jet  drops  are  not  the  same  as  for  the  top  Jet 

drop,  and  would  make  an  interesting  subject  for  future  study. 

With  the  exception  of  the  few  samples  coll.ected  while  the  ship  was  at 
dock,  the  seawater  samples  for  the  aging  tube  studies  were  obtained  off  the 
jrt  bow  while  the  ship  was  underway.  A nylon  line  to  10  ra  long  was  c.ttached 

so  a handle  on  the  side  of  a U-liter  polyethylene  container  that  had  been 

cleaned  in  the  same  manner  as  was  the  aging  tube.  A 2-kg  lead  weight  attached 
to  the  bottom  of  the  handle  provided  suff"ient  mass  so  that  the  container 
could  be  swung  like  a pendulum  at  the  end  of  the  line.  The  container  was 
always  swing  fonmrd  of  the  bow  wave  of  the  ship  and  dropped  into  the  water. 

Tt  sank  some  10-20  cm  beneath  the  surface,  filled  with  seawater,  and  was 
i.mmediately  pulled  up  to  deck  level  where  the  temperature  was  recorded.  The 
servjle  was  discarded  and  a second  sample  obtained  immediately,  to  be  used  for 
‘ IV'.'  aging  tube  study.  The  aging  tube  runs  usually  started  within  an  houi' 
a'^ter  the  sample  was  collected,  and  took  from  1 to  3 hours  to  complete.  In 
a number  of  the  samples  re-runs  were  made.  No  significant  changes  were 

■ ibrerved  in  the  sam.ples  which  were  run  within  10  to  12  hours  of  collection. 
After  about  a day,  however,  the  aging  tube  data  often  bore  no  resemblance 
to  that  obtained  during  the  first  few  hours  after  the  collection  of  the 
•-'ater  sample. 

Sin^e  the  bubbles  produced  by  a given  capillary  tip  are  the  same  size 
'an  exception  will  be  given  later),  it  is  an  easy  matter  to  age  one  bubble 
-fter  another  for  varying  periods  of  time  to  obtain  the  required  ejection 
.'leight  data.  Fig.  2 shows  the  t:/pes  of  curves  that  are  obtained,  and  the 
reproducibility  of  the  drop  ejection  height  for  a given  bubble  age.  Data 
were  usually  obtained  out  to  a bubble  age  of  120  sec , and  in  some  oases  out 
' lUc.  Bubble  age  is  measured  from  the  time  the  bubble  leaves  the  capillary 

■ Lp  'until  the  time  it  reaches  the  surface  of  the  water.  The  time  spent  at 
rest  on  the  surface  before  bursting  is  referred  to  as  the  siurface  age.  On 
li:''renuent  occasions  the  ejection  h.eight  deviated  markedly  from  the  general 
,rend  -f  the  data  points.  Since  at  this  time  the  eye  had  been  focused  at 

a point  along  the  scale  where  it  was  expected  that  the  drop  would  stop  rising, 
periphi  ra,1  vision  was  not  sufficient  to  get  a reasonably  accurate  rending 
of  ejection  height.  Accordingly,  a vertical  line  appears  on  the  grarli  to 
rhow  the  approximate  ejection  height.  Two  such  lines  appear  on  Fi/’;.  T at 
’ " !'h;e  awes  of  50  and  80  sec.  Oenerally  the  data  vrero  obtained  by  going 
••  mi  sl'.crtor  to  longer-aged  bubbles.  At  the  end  of  tlie  aging  tube  run  tJie 
ial  .ta’.a  points  were  rechecked.  If  there  had  been  any  change  in  bubble 
■'"c  lu'-ing  the  course  of  the  experiment,  or  any  change  in  the  dissolved 
••an:  ' material  in  the  seawater,  it  would  show  up  in  a change  in  the  Jet  drop 
' ' L height.  Fuch  changes  were  never  fovind. 
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From  the  time  the  USNS  Kayes  vas  at  dock  in  the  York  River  on  2T  July, 

1975,  until  it  entered  the  Irish  Sea  on  28  August,  73  samples  of  seawater 
were  tested  in  the  hiibble  aging  tube.  The  separate  presentation  of  the 
curves  obtained  with  each  of  these  samples,  complete  with  the  data  points, 
seems  unnecessary  and  would  take  up  far  too  much  space.  Since  the  nature 
of  the  curves  changed  from  one  sample  to  the  next,  and  often  a gradual  trend 
could  be  seen,  it  seems  much  better  to  present  the  curves  as  close  together 
as  possible,  and  without  the  individual  data  points.  This  has  been  done  in 
Figs.  3a  through  3d. 

Fig.  3a  shows  the  curves  for  the  first  15  samples  of  seawater.  The 
vertical  axis  is  in  centimeters.  The  ctu'ves  have  been  placed  so  as  to  overlap 
as  much  as  possible  in  the  vertical,  yet  not  so  much  that  the  individual  curves 
cannot  be  easily  separated  one  from  the  other.  Opposite  each  sample  number, 
and  adjacent  to  the  ordinate,  is  a number  which  identifies  the  top  Jet  drop 
ejection  height  for  that  sample.  As  an  example  of  how  to  interpret  these  curves, 
consider  sample  No.  1.  At  a bubble  age  of  10  sec  the  Jet  drop  height  had 
decreased  to  10  cm,  and  to  Just  over  1^.5  cm  at  a bubble  age  of  l»+0  sec.  On 
the  other  hand,  the  seawater  of  sample  No.  2 produced  such  a rapid  decrease 
in  Jet  drop  height  that  it  was  down  to  7 cm  in  10  sec,  and  to  1+.5  cm  in  only 
20  sec.  The  height  remained  constant  at  1.5  cm  out  to  a bubble  age  of  70  sec 
where  the  experiment  was  ended. 

Detailed  information  for  each  of  the  73  seawater  samples  shown  in  Figs, 
3a-3d  is  given  in  Table  1.  This  includes  the  time  and  date  the  sample  was 
collected,  its  temperature,  the  latitude  and  longitude,  and  an  estimate 
of  the  Beaufort  wind  force  at  the  time  of  collection. 

As  stated  above  several  of  the  seawater  collections  were  split  and  tested 
separately  with  a different  capillary  tip.  It  is  clear  from  Table  1 when  this 
was  done.  Samples  32  and  33  constitute  the  first  case.  Both  curves  for  these 
samples  were  obtained  with  the  same  seawater.  In  sample  32  a large  capillary 
tip  produced  a bubble  that  ejected  t’ne  top  Jet  drop  nearly  11  cm  for  a bubble 
age  of  about  2 sec,  while  in  the  same  water  (sample  33)  a smaller  tip  produced 
a smaller  bubble,  which  at  an  age  of  2 sec  ejected  the  top  Jet  drop  less  than 
6 cm. 

Several  other  types  of  water,  other  than  seawater,  were  tested  in  the  bubb] 
aging  tube.  On  both  7 and  11  August,  fog  water  collected  by  David  Bressan  with 
his  fog  kite  was  tested  for  its  ability  to  modify  Jet  drop  ejection  heights. 

The  results,  which  were  very  striking  and  quite  vmexpected,  are  shown  in  Fig.  I. 
Instead  of  ejecting  Jet  drops  to  a height  of  10  ''m,  which  was  common  with  the 
seawater  samples,  bubbles  of  an  age  of  2 to  3 sec  ejected  the  top  Jet  drop  to 
a height  of  only  5 to  6 cm. 

It  will  be  noted  on  Fig.  3d  that  starting  with  sample  59  and  continuing 
on  through  the  rest  of  the  samples,  the  maximum  drop  ejection  height  decreases 
successively  with  each  sample.  In  sample  73  it  is  not  much  more  than  5 cm. 

This  was  caused  by  some  as-yet-unexplained  decrease  in  bubble  size  from  the 
large  capillary  tip. 

In  February  197^*  similar  work  with  the  bubble  aging  tube  was  carried  out 
aboard  the  Hayes  during  a cruise  in  the  Pacific  Ocean  in  the  vicinity  of  the 
Galapagos  Islands.  For  the  sake  of  completeness  and  for  the  purpose  of 
comparing  data  from  the  two  oceans,  the  Galapagos  data  are  presented  in  Fig.  5 
and  Table  2. 
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Table  2.  Data  relevant  to  the  seawater  samples  collected  during  the 
Galapagos  Islands,  Pacific  Ocean  cruise  of  the  USNS  Hayes,  February  1974 


Sample  Collection 
Time  and  Date 


Locat Ion 


Samp  1<‘ 

West 

Sample 

Beaufort 

Number 

EST 

GMT 

Lat 

• 

Long. 

Temp.  (°C) 

Wind  Force 

1 

0845 

12 

Feb. 

1345 

12 

Feb. 

5°15’ 

N 

89^ 

’35' 

27.5  C 

1 

2 

0900 

13 

fl 

1400 

13 

II 

3 

15 

N 

88 

30 

26.9 

3 

3 

1225 

14 

It 

1725 

14 

tl 

0 

55 

S 

89 

5 

26.0 

3 

4 

1018 

15 

tl 

1518 

15 

II 

1 

15 

S 

90 

45 

25.7 

2 

5 

1850 

15 

II 

2350 

15 

II 

1 

15 

S 

90 

45 

26.5 

2 

6 

1015 

16 

M 

1515 

16 

II 

2 

10 

S 

93 

10 

25.5 

2 

7 

0920 

17 

It 

1420 

17 

II 

0 

55 

S 

94 

50 

26.3 

8 

0900 

18 

ft 

1400 

18 

II 

0 

35 

S 

91 

25 

25.0 

2 

9 

1650 

18 

II 

2150 

18 

II 

0 

30 

S 

91 

30 

26.2 

2 

10 

0905 

19 

II 

1405 

19 

II 

0 

15 

N 

90 

0 

25.7 

2 

11 

0830 

20 

II 

1330 

20 

II 

1 

50 

S 

86 

50 

26.3 

2 

12 

0830 

20 

II 

1330 

20 

II 

1 

50 

S 

86 

50 

26.3 

2 

13 

1800 

20 

II 

2300 

20 

II 

2 

50 

s 

86 

0 

25.5 

3 

14 

0900 

21 

II 

1400 

21 

It 

3 

30 

s 

84 

15 

3 

15 

1330 

21 

It 

1830 

21 

II 

2 

50 

s 

83 

50 

23.2 

4 

16 

0910 

22 

tl 

1410 

22 

It 

0 

10 

s 

82 
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25.8 

3 

17 

1512 

22 

II 

2012 

22 

II 

1 

25 
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82 

5 

26.0 
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18 
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23 

It 
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23 

II 
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55 

s 

81 

35 
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19 
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It 
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1 

30 

s 

81 

25 
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21 

1755 

23 

II 

2255 

23 

II 

2 
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s 

81 

15 

26.6 
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3.  Comments 


Although  the  primary  aim  of  the  papers  :ri  this  report  is  to  pres.ent  only 
the  data  collected  during  the  North  Atlantic  cruise  of  the  I'GNC  Hayes  in 
July  and  August,  1975>  a few  comments  on  ttie  data  obtained  with  tiie  iiubbic 
aging  tube  will  better  enable  the  reader  to  draw  his  own  conclusions. 

All  of  the  seawater  samples  shown  in  Figs.  3a-3d  produced  a decrease  in 
jet  drop  ejection  height  with  increasing  bubble  age.  While  the  curves  for 
each  sample  were  different,  it  is  evident  that  at  times  a similarity  can  be 
observed  for  samples  collected  within  a day  or  two  of  each  othe  . For  example, 
the  curves  of  samples  7-13  (31  July-3  August)  all  show  a rapid  decrease  in 
ejection  height  reaching  a minimum  at  a bubble  age  of  20  to  UO  sec,  followe-l 
by  a slow  increase  for  larger  ages.  Samples  hj-^h  (21-23  August)  show<  r,  ,;:ee 
or  bump  in  the  curve  that  appeared  at  nearly  100  sec  in  sar:,  . t his  moved 

progressively  to  lower  ages  with  successive  samples,  reaching  about  35  sec 
in  sample  ’yh. 

In  all  cases  where  two  bubble  sizes  were  used  in  the  siime  seawater,  the 
ejection  heights  with  the  smaller  bubble  showed  a much  smaller  percentage  change 
with  bubble  age  than  they  did  with  the  larger  bubble.  This  is  very  obvious  in 
the  sample  pairs  UO-Ul  and  1+2-1+3.  A clue  to  this  difference  may  be  in  tlx- 
fact  that  the  speed  of  bubble  collapse  and  the  ejection  velocity  of  tlie  ,i<  t 
drops  is  an  inverse  function  of  bubble  size  (Blanchard,  19f>3). 

In  addition  to  the  data  shown  in  Figs.  3a-3d  observations  were  made  on 
the  surface  age  of  the  bubbles.  As  explained  earlier  this  is  the  tine  :;|ient 
by  the  bubble  at  the  surface  of  the  water  before  bursting.  In  general  it  was 
found  that  for  bubble  ages  in  excess  of  about  5 sec  -^lie  surface  af'e  was 
relatively  constant,  and,  depending  upon  the  seawater  sample,  from  a I’ew 
tenths  to  several  seconds.  For  a bubble  age  of  less  than  5 sec  the  surface 
age  was  from  several  seconds  to  10  or  more. 

The  curves  for  the  fog  water.  Fig.  h,  show  that  with  about  2 to  3 sec  bubbJ.e 
aging  the  jet  drop  ejection  heights  were  only  about  5 cm.  It  was  not  possible 
to  get  lesser  ages  by  raising  the  capillary  tip  in  the  bubble  aging  tube.  If 
a different  type  of  apparatus  had  been  used  to  work  with  bubbles  of  an  age 
of  0.1  sec  or  less,  then  quite  likely  the  drop  ejection  height  would  have  been 
about  10  cm.  The  rapid  decrease  in  height  in  only  a few  seconds,  sim.iTar  to 
that  for  seawater  sample  15,  must  indicate  a high  concentration  of  surf.act  - 
a.ctive  organic  material  in  the  water. 

The  data  for  the  Pacific  Ocean  seawater  (Fig.  5)  is  similar  to  that  for  ' 
Atlantic  waters,  though  differences  can  be  noted  if  they  are  closely  cnmiia 
With  the  exception  of  sample  1^4,  all  samples  from  12  on  were  tested  with  a 
capillary  tip  which  produced  relatively  small  bubbles. 
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Figure  Captions 


Fig. 

1. 

Fig. 

2. 

Fig. 

3a 

Fig. 

3b 

Fig. 

3c 

Fig. 

3d 

Fig. 

1*. 

Fig. 

5. 

The  bubble  aging  tube,  a device  to  "susj-end"  air  bubbles  within 
a moving  water  column  for  any  desired  length  of  time. 

A typical  drop  height-bubble  age  curve  to  illustrate  the  reproduci- 
bility of  the  data  points. 

Drop  ejection  height  data  for  North  Atlantic  seawater  samples  1-15. 

Drop  ejection  height  data  for  North  Atlantic  seawater  samples  16-3U. 

Drop  ejection  height  data  for  North  Atlantic  seawater  samples  35-5^. 

Drop  ejection  height  data  for  North  Atlantic  seawater  samples  55-73. 

Drop  ejection  height  data  for  North  Atlantic  fog  water. 

Drop  ejection  height  data  for  seawater  samples  from  the  vicinity  of 
the  Galapagos  Islands,  Pacific  Ocean. 
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ENlfMERATIONS  OF  MICROOROAKIS.MO 
IN  FOO,  CLEAR  AIR,  AND  WATER 
by 

Jayne  F.  Carney,  Biospherics  Incorporated 
Christine  E.  Carty,  Rutgers  University 


INTRODUCTION 


Simultaneous  samples  of  clear  air  and  ocean  water  or  fog  and  ocean 
water  were  collected  to  compare  the  numbers  and  tynes  of  bacteria  and 
■''ungi  . Samples  were  plated  on  selective  media,  to  determine  the  nercerit 
o*'  1.he  nopulation  capable  of  growth  on  a high  salt,  low  nutrient  medium 
(vnri'E)  which  promotes  the  growt,h  of  marine  bacteria,  on  a low  salt, 
high  nutrient  mediian  (PCA)  which  promotes  the  growth  of  soil  and  fresl' 
wn,  ,er  bacteria,  and  on  a fungal  enrichment  medium  (F).  Over  hSO  strains 
were  purified  and  subseauently  tested  for  salt  requirement  and  Oram 
stain  reaction.  Individual  strain  data  combined  with  the  distributional 
studies  provided  information  about  the  source  of  the  airborne  m.icroorgani sms . 


CAMPLINO  DEVICES 


Several  sampling  devices  were  evaluated  for  air  and  fog  collection. 

Clear  air  was  impacted  on  a nutrient-containing  petri  lish  or  a paper 
filter  (O.U5  um  Millipore)  mounted  inside  a Forced  Air  Impactor  (Bressan). 

A flow  rate  of  66m3/min  was  maintained  for  each  sample  for  15  minutes. 
Alternatively,  Millipore  filter  devices  with  a pump  rate  of  lOm  Vmin 
were  used  for  20  minutes.  The  Im.pactor  and  the  Millipore  devices  were 
sterilized  ^or  use  at  each  station,  but  not  between  each  sample. 

Fog  wa,  samples  were  collected  using  the  Bressan  Im.pactor  described 
previously,  or  the  Calspan  Fog  Water  Collector.  The  Fog  Water  Col  lectre- . 
a centrifugal  force  device,  was  alcohol  washed  before  each  use,  aiui 
sterilized  plastic  tubes  were  used  for  sample  collection.  Samplin/:  was 
continued  until  5-7  ml  had  been  obtained. 

'^e  Bressan  Impactor  was  found  to  be  superior  to  the  Mi]liy>ore  filtr.r 
device  for  clear  air  sampling  probably  because  the  extended  Millipore  filter 
CUP  deflected  the  incoming  air.  However,  collection  of  fog  samples  on 
Tilates  with  the  Impactor  resulted  in  excessively  wet  plates  causing 
confluent  growt.h  and  fungal  contamination.  'I'his  yiroblem  was.  not.  enromit  I'sc'.' 
with  the  Fog  Water  Collector  hecause  the  sample  was  <'ollect,ed  ns  .n  liqiiid 
ar.'i  subseauently  filtered.  The  Fog  Vlater  Col  loot, or  provided  n snti  sfru'i  (>ry 
method  ‘’or  sampling  and  emuneratlng  the  mi croorgani  sm.s  in  fog. 

Ocean  water  samples  were  collected  .at  a depth  of  one  meter  using  stc!'‘.'’e 
’’iskin  hag  samplers.  Volvimes  from  1 to  100  ml  were  ■'’iltered  (0.1i5  um 
■'lllinore/ . 
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ENUMERATION  METHODS 


Several  enumeration  methods  including  filtration,  impaction  on  filters 
and  plates,  and  direct  plating,  were  used.  All  samples,  whether  resulting 
from  filtration,  impaction,  or  direct  plating  were  enumerated  on  Marine 
Salt  Water  Yeast  Extract  Agar  (MSWYE),  Plate  Count  Agar  (PCA),  and 
Sabouraud  Dextrose  Agar  (P).  Plates  were  incubated  at  room  temperature, 
and  the  resulting  colonies  counted  at  three  and  seven  days.  Because  of 
the  low  numbers  of  microorganisms,  enumeration  methods  which  employed 
a concentration  step,  such  as  filtration,  were  superior  to  direct  counting 
methods . 

DATA 


The  data  in  Tables  I,  II,  and  III  show  that  the  concentrations  of 
microorganisms  were  much  higher  in  the  water  than  in  the  air.  Comparisons 
of  organisms  growing  on  medium  with  high  salt  concentrations  (MSWYE)  and 
with  low  salt  concentrations  (PCA)  clearly  show  that  more  airborne  organisms 
were  recovered  on  the  low  salt  medium,  while  waterborne  organisms  were 
found  in  higher  numbers  on  the  high  s alt  medium.  Between  52  and  80%  of 
the  waterborne  cultures  isolated  on  salt-containing  medium  demonstrated  a 
requirement  for  salt,  while  fewer  than  10^  of  the  airborne  microorganisms 
did  (Table  IV).  These  resuilts  suggest  that  the  majority  of  the  airborne 
microorganisms  were  of  terrestrial,  and  not  marine,  origin.  This  conclusion 
is  supported  by  the  Gram  stain  results  (Table  V)  which  show  a definite 
difference  between  the  water  and  airborne  bacteria.  In  contrast  to  the 
predominately  Gram  negative  marine  population,  the  airborne  population 
was  predominately  Gram  positive,  as  are  most  soil  bacteria. 
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Table  I.  Number  of  Microorganisms  per  Cubic  Meter  of  Fog 


II 


to  ^ CJ  'U 
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Bressan  Forced  Air  Impactor,  15  min  (§  66  c.f.m. 

Calspan  Fog  Water  Collector,  calulated  from  0.2  cc  wal.t.:r  = 1 cubic  meter  air 


Table  II.  Number  of  Microorganisms  per  Cubic  Meter  of  Clear  Air 


Position  at  beginning  of  sampling  period  per  NRL  Computer  Printout. 
Methods:  I = Bressan  Forced  Air  Impactor,  15  rain  (?  66  c.f.m. 

MF=  Millipore  Filter  Device  with  Vacuum  Pump,  20  min  0 10 
Contaminated  or  confluent  growth. 


o 


ol 


\D 
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Table  IV. 
Station 

Salt  Requirement  of  Bacteria  Isolated  on 
Marine  Salt  Water  Yeast  Extract  Agar 

Number  of  Isolates  Tested^  ° 

5 

1 

1 

1 

i 

4 Requiring  Salt 

IW 

75 

71 

3W 

80 

52 

4W 

70 

67 

6W 

50 

80 

7W 

100 

77 

9A 

17 

1 

4F 

40 

8 

IIF 

21 

10 

a 

After  initial  isolation  on  MSWYE,  strains  were  purified  and  tested 
for  the  ability  to  grow  on  PCA,  a low  salt  medium. 
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Table  V. 


Station 

IW 

3W 

7W 

9A 

4F 

IIF 


Gram  Stain  Reactions 
7.  Positive 


of  Individual  Isolates 


% Negative  % Variabj^ 


9 

26 

21 

76 

71 

56 


90 

69 

73 

6 

29 

30 


1 

5 

6 

18 

0 

14 
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ICE  NUCLEI  III  SEAWATER,  FOG  WATER 


AND  MARINE  AIR  DURING  THE  USNS  HAYES  1975  FOG  CRUISE 

Russell  C.  Schnell 
NEC  Research  Associate 
NOAA/APCL 
R31 

Boxalder,  CO  80302 


1.  Introduction 

Atmospheric  ice  nuclei  play  an  important  role  in  the  initiation  of  much 
of  the  precipitation  that  falls  on  the  earth's  surface.  The  sources  for 
these  rare  yet  pivotal  particles  have  most  often  been  thought  to  be  soil 
particles  of  extraterrestrial  meteoritic  materials  (Isono  et  al.,  1959; 

Kumai,  19^1;  Bowen,  1956;  Bigg,  1963).  More  recently,  Schnell  and  Vali 
(1072,  1973,  IG76)  have  presented  strong  evidence  that  decayed  litters 
from  terrestrial  plants  release  copious  amounts  of  ice  nuclei  in  concentrations 
of  up  to  10^  nuclei  per  gram  of  leaf  litter  active  at  -IOC,  and  some  litters 
exhibit  this  ice  nucleation  activity  at  -1*C.  These  nuclei  are  called  leaf- 
derived  nuclei  (LDN). 

Another  source  of  very  active  ice  nuclei  has  been  observed  to  be  a 
function  of  the  intact  bodies  of  a very  few  species  of  terrestrial  bacteria. 
Specifically,  Pseudomonas  syringae.  Pseudomonas  fluoresaens,  and  Eruinia 
herhiaola  have  been  observed  to  Initiate  ice  in  supercooled  water  at 
temperatures  warmer  than  -3C.  (Maki  et  al.,  197^;  Lindow  et  al.,  197^; 

Vali  et  al.,  1976).  These  nuclei  are  called  bacteria-derived  nuclei  (BDN). 

Within  the  marine  environment,  a prolific  source  of  ice  nuclei  has  been 
observed  in  close  association  with  marine  waters  of  high  primary  productivity 
(Schnell  and  Vali,  197^).  For  instance,  waters  off  Bedford,  Nova  Scotia, 
produced  ice  nuclei  active  at  -3.5C  in  concentrations  of  up  to  107  nuclei 
active  at  -IOC  per  gram  of  plankton.  Marine  waters  of  low  primary  productivity 
were  observed  to  contain  few  ice  nuclei  {ibid).  In  keeping  with  earlier 
nomenclature,  these  nuclei  are  called  ocean-derived  nuclei  (ODN).  ODN 
have  been  successfully  grown  in  vitro  in  concentrations  of  up  to  10^  nuclei 
active  at  -IOC  per  gram  of  plankton  with  some  first  ice  embryos  detectable 
at  -3C  (Schnell,  1975).  More  recently,  a marine  bacterium  living  in  close 
association  with  phytoplankton  has  been  shown  to  be  an  active  ice  nucleant 
(Schnell,  unpublished  to  date). 

Based  on  this  information,  shipboard  measurements  were  conducted  during 
the  USNS  HAYES  1975  Fog  Cruise  to  monitor  the  presence  of  ODN  in  seawater,  in 
air  above  the  water,  and  in  marine  fog  water  encoxintered  during  a trip  which 
crossed  areas  of  generally  high  primary  productivity  east  of  Nova  Scotia, 
Canada.  The  research  procedures  utilized  to  conduct  these  measurements,  the 
data  gathered,  and  an  analysis  of  the  results  form  the  body  of  this  report. 

All  times  referenced  are  local  ship  times  taken  from  the  ship's  dining  hall 
clock. 
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Sample  Collection 


a.  Seawater  Samples 

Seawater  was  collected  off  the  starboard  side  and  stern  of  the  shin 
by  dinning  a rope-lowered  plastic  bucket  into  th.e  top  half  meter  of  the 
sea  surface.  Most  of  the  seawater  samples  were  collected  by  Duncan  Blanchard 
for  his  bubble-breaking  experiments,  thus  making  comparisons  between  the 
ice  nucleus  activity  and  bubble-breaking  ac+.ivity  of  the  same  seawater 
volumes  nossible.  The  remainder  of  the  seawater  sfamples  were  obtained 
at  1 to  3 m.eter  denths  by  bottle  collections  conducted  by  Jayne  Carney  and 
Chris  Carty.  Seawater  was  tested  for  its  ice  nucleus  content  two  or  three 
times  in  each  pl-hour  period. 

b.  Fog  Water  Sam.ples 

Fog  water  samples  were  obtained  by  Gene  Mack  and  Ulrich  Katz  of 
Calspan  who  operated  a centrifugal  collecting  device  at  a point  high  above 
the  deck  near  the  bow  of  the  KAYES,  and  bj"  Dave  Bresson  of  NRL  who  collected 
fog  water  utilizing  a bow  kite.  Many  of  these  samples  are  duplicates, 
portions  of,  or  in  sequence  with  fog  water  samples  tested  by  Robert  Baier 
of  Calspan  for  infrared-detectable  components  and  surface-active  compon  Titr. 
Control  washes  and  ice  nucleus  spectra  comparisons  of  samples  collected  by 
the  two  techniques  indicated  that  there  was  no  contamination  in  samples 
collected  by  the  centrifugal  system  and  only  slight  residual  contamination 
•'I’om  the  bow  kite,  the  latter  being  considered  insignificant.  Due  to  the 
one-man  operation  of  the  ice  nucleus  measurements,  fogs  occurring  between 
^liOn  and  OSOO  were  generally  not  tested. 

c.  Membrane  Filters 

Membrane  filters  (0.if5  pm,  Millipore,  KAWG,  3.7  cm  diameter)  were 
exnosed  in  pairs  from  a position  below  and  forward  of  the  Calspan  tower  on 
the  uppermost  deck  of  the  HAYES.  Air  was  drawn  through  a coiled  plastic 
hose  (2m  length,  2 cm  diameter)  into  a bifurcated  chamber  where  the 
membrane  filters  (in  their  plastic  holders)  were  mounted.  This  sampling 
arrangem.ent  allowed  spray,  rain,  and  fog  droplets  to  fall  out  prior  to 
passage  of  air  through  the  filters.  A constant  airflow  of  TOO  liters 
per  hour  was  maintained  through  each  filter.  Undoubtedly,  some  very  small 
particles  were  lost  by  diffusion  while  passing  through  this  system. 

Measurem.ents  of  possible  contamination  by  the  ship's  exhaust  plumes 
from  galley'  and  engines  were  conducted  by  purposely  exposing  the  filters 
to  the  effluent  streams.  No  ice  nuclei  from,  either  source  were  observed. 

In  order  to  produce  field  exposed  control  filters,  no  air  was  drawn  througli 
every  t°nth  paii‘  of  filters  mounted  on  the  sampling  apparatus.  These 
filters  were  later  processed  to  obtain  a mean  ice  nucleus  background  couist. , 
wiiieii  subsequantly  was  subtracted  from  each  observed  count  to  obtain  a true 
c<iunt.  For  data  presented  in  this  report,  a background  correction,  of  10  ic<? 
ruclei  per  filter  active  at  -15C  was  used. 


3.  Ice  Nucleus  Measurements 


a.  Drop  Freezing  Technique 

It  has  been  shown  by  Vali  (l9Tla)  that  the  concentrations  of 
suspended  freezing  nuclei  in  samples  of  water  can  be  determined  quantitatively 
by  using  the  drop  freezing  technique.  This  technique  involves  placing 
equal-sized  drops  on  a thermally  controlled  siirface  (cold  stage)  and  monitoring 
the  freezing  of  the  drops  as  the  temperatiire  of  the  sample  is  gradually 
lowered.  Nucleus  spectra  can  be  constructed  from  the  observed  freezing 
temperatures  of  the  drops.  The  particiilar  cold  stage  for  these  experiments 
consisted  of  a copper  fin  and  plate  arrangement  immersed  in  crushed  dry 
ice  (Vali,  1971b).  During  cooling  of  the  cold-stage,  freezing  events 
were  detected  visually  as  the  drops  changed  from  clear  to  opaque  upon 
freezing.  To  characterize  the  nucleating  ability  of  a sample,  the  freezing 
point  temperatures,  Tp,  T^Qj  and  Tpoo  were  noted  for  the  first  10%, 

90%,  and  100^  of  30  drops  in  a test.  For  the  drop  sizes  used,  Tp,  Tpo* 

Tgo,  and  Tpoo  correspond  to  nucleus  concentrations  of  0.9  cm~3,  8.3  cm-3,  and 
3o0  cm-3,  respectively. 

b.  Membrane  Filter  Technique 

Deposition  ice  nucleation  occurs  when  ice  forms  on  a nucleus  by 
direct  transfer  of  water  vapor  onto  that  nucleus.  This  process  can  occur 
below,  at,  or  above  water  saturation,  but  only  at  or  above  ice  saturation. 

The  filter  membrane  technique  is  used  to  measure  ice  nuclei  in  the 
deposition  mode  utilizing  a thermal  diffusion  chamber. 

The  thermal  diffusion  chamber  is  a widespread  laboratory  device  used 
to  measure  deposition  nucleation  (Bigg  et  al.,  1963;  Gagin  and  Aroyo,  I969). 

The  chamber  utilized  in  this  study  was  as  described  by  Danger  and  Rodgers  (1975) 
except  for  one  modification:  three  thermally  controlled  ice  covered  plates 

were  substituted  for  the  ice  cubes  utilized  by  Danger  and  Rodgers  to  supply 
water  vapor  to  the  nuclei. 

The  diffusion  chamber  was  calibrated  to  provide  moisture  to  the  nuclei 
suspended  on  the  membrane  filters  at  rates  at  or  Just  exceeding  water 
saturation.  These  rates  were  periodically  checked  by  observing  a fog  formed 
on  tin  foil  inserted  in  place  of  the  filters  and  by  the  presence  of  halos 
around  growing  ice  crystals.  This  is  indicative  of  both  the  presence  and 
removal  of  condensed  water  vapor  on  the  filters.  In  this  study,  all  data 
presented  are  for  filters  processed  at  -15C  and  corrected  for  volume  effects 
by  use  of  the  correction  curve  derived  by  Mossop  and  Thorndike  (1966). 

1*.  Results 

a.  Freezing  Nuclei  in  Seawaters 

Representative  spectra  for  all  the  seawater  samples  tested  are  shown 
in  Fig.  1.  From  Fig.  1 it  may  be  seen  that  a large  majority  of  the  seawater 
samples  contained  ice  nuclei  inactive  at  temperatures  warmer  than  -lUc.  Five 
seawater  samples  contained  ice  nuclei  active  at  temperatures  warmer  than  -IOC, 


including  the  phenomally  active  spectrum  designated  1 , collected  at  0900, 

8 August.  Spectrum  2 is  the  most  active  I have  ever  otserved  for  ambient 
seawate2’.  Spectrum  5,  collected  at  2300,  it  August,  is  anomalous  in  that 
its  very  shallow  slope  indicates  that  the  sample  contained  many  ice  nuclei 
active  at  warmer  temperatures  and  relatively  few  ice  nuclei  at  colder 
temperatures.  Repeat  tests  of  this  sample  produced  similar  results. 

b.  Freezing  Nuclei  in  Fog  Waters 

Representative  spectra  for  all  of  the  fog  waters  tested  are  shown 
in  Fig.  2.  This  figure  shows  that  fogs  generally  contained  more  ice  nuclei 
than  seawaters  and  that  the  most  active  fog  water  tested  was  collected  at 
081<5,  8 August,  Just  15  minutes  prior  to  collection  of  the  most  activ<=' 
seawater  sample  (Fig.  l).  The  fog  waters  collected  between  OCOO  and  (j'>39, 

6 August,  also  exhibited  consistently  high  ice  nucleus  concentrations. 

These  spectra  represent  what  I believe  to  be  the  first  published  data  on 
ice  nucleu.s  concentrations  in  marine  fogs.  Tn  keeping  with  the  earlier 
ncm.enclature  applied  to  biogenic  ice  nuclei,  T have  given  nuclei  present 
in  fog  water  the  name  fog-derived  nuclei  (FDN). 

c.  Relationships  Between  Freezing  Nuclei  in  Seawaters  and  Fog  Waters 

During  periods  of  fog  water  collection  attempts  were  made  sim.ultaneous ! y 
to  collect  seawaters  in  order  that  comparisons  could  be  made  between  fog  water 
and  seawater  freezing  nuclei  spectra  from  sim.ilar  locations.  It  was  observed 
that  on  some  occasions  freezing  nucleus  concentrations  in  fog  water  m.irrored 
freezing  nucleus  concentrations  in  seawaters  immediately  beneath  the  fogs. 

As  Fig.  3a  indicates,  this  coincidence  was  observed  for  both  high  concentration 
(8  August)  and  low  concentration  (31  July)  cases.  On  the  other  hand,  Fig.  3b 
shows  that  there  were  cases  where  fog  water  contained  considerably  more  ice 
nuclei  than  associated  seawaters  (August  6)  and  where  fog  waters  contained 
fewer  ice  nuclei  than  associated  seawaters  (August  2).  The  remaining  fog 
water- seawater  spectra  pairs  exhibited  relationships  which  covered  the  full 
range  from  mirror  images  to  opposites.  It  should  be  noted  that  all  rpectra 
for  seawaters  shown  in  Fig.  3 have  been  corrected  for  a 2C  melting  point 
depression  induced  by  salts  inherent  in  seawater.  This  correction  moves 
the  relevant  spectra  2C  to  the  right  on  the  abcissas  of  Fig.  3. 

d.  Freezing  Nucleus  Activity  Losses 

It  is  known  from  previous  work  that  ODN  in  seawater  are  subject  to 
activity  losses  during  short  periods  of  storage.  Theresults  of  tests  designed 
to  monitor  changes  in  ice  nucleation  activity  of  ODN  and  FDN  collected  on 
^his  cruise  are  shown  in  Fig.  . From  this,  it  can  be  seen  that  both  ODN 
and  FDN  lost  activity  rapidly  when  stored  at  ambient  ship  tem.perature  (in 
this  particular  case  storage  was  in  ID  cm8  syringes^ . Storage  of  samples  ir. 
ion  cm8  and  1000  cm8  volumes  under  anerobic  and  aerobic  conditions  nrcducea 
similar  results. 
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e.  Ice  Nucleus  Activity  of  Fog-derived  Bacteria 

Jayne  Carney  and  Chris  Carty  provided  me  with  cultures  of  bacteria 
that  they  had  isolated  from  the  earlier  fogs  sampled  on  the  cruise.  These 
cultures  were  removed  from  the  nutrient  media  upon  which  they  grew  by 
gently  washing  the  agar  plates  with  clean  distilled  water.  The  freezing 
nucleus  activity  imparted  to  the  distilled  water  by  various  bacteria  cultures 
is  shown  in  Fig.  5,  from  which  it  can  be  seen  that  freezing  nucleus  activity 
was  observed  at  -1.5C  in  water  suspensions  of  both  salt-requiring 
and  non  salt-requiring  bacteria  species.  It  is  interesting  to  note  that 
low  ice  nucleus  activity  was  also  exhibited  by  other  cultures  of  bacteria 
with  the  same  salt  requirements.  Studies  on  the  bacteria  are  continuing. 

f.  Atmospheric  Ice  Nucleus  Concentrations 

Atmospheric  ice  nucleus  concentrations  measured  during  the  cruise 
are  tabulated  in  Table  1 and  shown  in  Fig.  6.  From  these  it  can  be  seen 
that  atmospheric  ice  nucleus  concentrations  varied  between  a high  of 
580  m~3  (filter  12)  to  lows  of  1.1  m“3  (filters  21  and  36).  The  lower 
limit  of  ice  nucleus  detectability  was  0.i+  nuclei  m-3. 

Figure  6 indicates  that  there  is  no  strong  correlation  between  fogs 
and  the  presence  or  absence  of  atmospheric  ice  nuclei,  but  most  low  atmospheric 
ice  nucleus  concentrations  (with  one  exception)  are  associated  with  periods 
of  fog.  There  also  does  not  appear  to  be  any  strong  relationship  between 
the  presence  of  freezing  nuclei  in  seawaters  and/or  fog  waters  and  atm.ospheric 
ice  nucleus  concentrations.  It  will  be  interesting  to  compare  atmospheric 
ice  nucleus  concentrations  with  radon  covmts  and  with  atmospheric  bacteria 
concentrations  to  be  found  in  another  chapter  of  the  trip  report.  High 
radon  counts  would  suggest  the  presence  of  a terrestrial  air  mass. 

g.  Infrared  Reflectance,  Cloud  Condensation  Nuclei,  Flankton  Tows 

Robert  Baier  of  Calspan  performed  infrared  reflectance  analyses  upon 
seawater  and  fog  water  samples  throughout  the  trip.  Many  of  these  samples 
were  duplicates  of  samples  that  I tested  for  freezing  nucleus  content.  It 
was  interesting  to  note  that  samples  containing  the  highest  concentrations 
of  freezing  nuclei  also  contained  the  highest  biological  (glycoprotein) 
content  of  any  samples  tested  on  the  cruise. 

Similarly,  the  cloud  water  collected  from  Vin  Saxena's  cloud  chamber,  in 
which  the  cloud  droplets  had  formed  on  natural  aerosols,  exhibited  a good 
correlation  between  high  freezing  nucleus  concentrations  and  high  biological 
content  on  one  hand,  (Fig.  J,  Curve  l),  and  low  freezing  nucleus  concentra- 
tions and  low  biological  content  (Fig.  7,  Curve  2)  on  the  other  hand.  This 
suggests  that  some  fraction  of  the  freezing  nuclei  observed  on  this  cruise 
may  either  act  as  condensation  nuclei  to  form  cloud  droplets,  or  he  closely 
associated  with  the  particles  that  do  act  as  cloud  condensation  nuclei. 

Results  from  tests  on  material  captured  in  the  plankton  tows  conducted 
on  this  cruise  suggest  that  the  freezing  nuclei  observed  in  the  seawaters 
were  a function  of  the  total  plankton  concentration  in  the  water.  Since 
the  experiments  were  qualitative  in  nature,  due  to  my  inability  to  accurately 
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measure  and  compare  different  plankton  masses,  no  data  on  tViis  portion 
and  the  research  will  be  presented. 

5.  Conclusions, 

The  conclusions  are  listed  below. 

(1)  About  17r  of  the  seawater  samples  tested  (5  out  of  29)  contained 
freesir.p  nuclei  active  at  temperatures  warmer  than  -IOC,  including  some 
nuclei  active  at  -);C. 

(2)  About  5B5  of  the  fog  water  samples  tested  (7  out  of  12)  contained 
freezing  nuclei  active  at  temperatures  warmer  than  -10,  Including  some 
nuclei  active  at  -2C. 

(3)  In  some  cases,  high  freezing  nucleus  concentrations  in  seawater 
were  mirrored  by  high  freezing  nucleus  concentrations  in  associated  fog 
w-aters,  and  in  some  cases  they  were  not.  Also,  there  were  cases  where 

‘’og  waters  contained  high  concentrations  of  ice  nuclei  and  associated  seawnte*-;- 
were  devoid  of  any  active  freezing  nuclei. 

(1)  Storage  of  active  ODK  and  FDN  at  ambient  room  temperature,  urder 
both  aerobic  and  anerobic  conditions  and  in  volumes  from  10  cm3  to  1000  cm', 
induced  rapid  losses  of  freezing  nucleation  acuivity  in  the  samples. 

(5)  Measurements  of  atmospheric  ice  nuclei  exhibited  a wide  range  of 
concentrations  from  58O  down  to  1.1  nuclei  m“3  with  considerable  variatior; 
over  the  space  of  a fevr  hours.  With  one  exception,  the  lowest  atmospheric 
ice  nucleus  concentrations  were  observed  for  measurements  within  or  pre- 
dominantly within  fogs.  Ko  firm  correlation  was  noted  between  the  presence 
of  freezing  nuclei  in  seawaters  and  fog  waters  on  one  hand,  and  atmospheric 
ice  nucleus  concentrations  on  the  other. 

(6)  Some  bacteria  isolated  from  fog  waters  were  observed  to  initiate 
ice  at  temperatures  wanner  than  -3C.  Other  bacteria,  similarly  isolated, 
were  observed  to  be  very  poor  ice  nucleators. 

(T)  All  the  seawater,  fog  water,  and  cloud  chamber  water  samples 
exhibiting  high  freezing  nucleus  concentrations  also  exhibited  high  con- 
centrations of  biological  material. 

The  overall  Impressions  gained  from  analyzing  the  data  presented  in 
this  report  are  that  both  land  and  sea  contributed  to  the  ice  nucleus  concen- 
trations observed,  on  the  cruise,  and  that  many  of  these  ice  nuclei  are  of 
biological  origin.  Any  further  conclusions  must  await  anaiysis  of  a] 1 the 
data  collected  on  the  cruise. 
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as  measured  by  the  membrane  filter  technique  during  the  1975  HAYFS  Fog  Cruise. 


Figure  1.  Freezing  nucleus  spectra  of  seawater  samples  tested  onboard  the 
USNS  HAYES.  Collection  times  for  the  numbered  samples  are: 

1)  0900/8/8,  2)  1900/28/7,  3)  2000/1/8,  4)  2400/2/8, 

5)  2300/4/8.  All  other  samples  exhibited  ice  nucleation 
activity  beginning  at  temperatures  lower  than  -14C  and  fell 

within  the  shaded  portion  of  the  figure. 
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Figure  2.  Freezing  nucleus  spectra  of  fog  water  samples  tested  onboard 
the  USNS  HAYES.  Collection  times  for  the  samples  are: 

1)  0845/8/8,  2)  0600/6/8,  3)  0930/6/8,  4)  0700/6/8, 

5)  1800/9/8,  6)  1000/6/8,  7)  2400/2/8,  8)  1000/31/7, 

9)  1730/3/8,  10)  1030/31/7,  11)  1900/4/8,  12)  1830/7/8. 
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FREE/TING  NUCLEI 

IN  SEAWATER  AND  IN  ASSOCIATED  FOG  WATER 


Figure  3 


Relationships  between  freezing  nuclei  in  seawater  and  associated 
fog  waters  Graph  A shows  cases  where  seawater  and  fogwater  spectra 
are  similar  and  Graph  B shows  cases  where  spectra  are  opposites. 
The  seawater  spectra  shown  in  this  figure  have  been  corrected 
for  a 2C  melting  point  depression.  605 
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Figure  4.  Freezing  nucleus  activity  losses  observed  in  ODN  and  FDN  samples 
stored  at  ambient  ship  temperature.  The  seawater  samples  have 
been  corrected  for  a 2C  melting  point  depression. 
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FREEZING  NUCLEI  ASSOCIATED  WITH  BACTERIA 
ISOLATED  FROM  MARINE  FOG  WATER 


f 


Figure  5.  Freezing  nucleus  activity  produced  by  bacteria  isolated  from  marine 
■ fog  water  and  grown  on  nutrient  agar. 
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WATER  FROM  CONDENSATION  NUCLEUS  COUNTER 


Figure  7.  Freezing  nucleus  spectra  of  cloud  water  collected  from  the  Denver 
Research  Institute  cloud  chamber  operated  onboard  the  DSNS  HAYES. 
Sample  1 contained  high  concentrations  of  biological  material 
whereas  sample  2 contained  low  concentrations  as  tested  by  the 
Calspan  infrared  reflectance  system  operated  by  Bob  Baier, 
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